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Abstract 
The current outbreak of mountain pine beetle (MPB) in western Canada has killed 
millions of hectares of pine forest, but has created the opportunity for oriented strand board 
(OSB) manufacturers to utilize this forest resource. However, MPB -killed timber is dry, 
porous and brittle, thus posing significant challenges at various stages of the OSB production 
process. These challenges include increases in breakage in timber harvesting, production of 
fine wood material at the stranding operation, wear on stranding blades, and resin use. In this 
study, a simulation of a western Canadian woodlands and OSB manufacturing process was 
constructed using the operations based costing framework. Once the simulation was 
constructed, expected impacts of MPB fibre were introduced to the model in a hypothetical 
scenario where a mixture of MPB and deciduous fibre were used in the manufacturing 
process to determine the overall cost impact of the alternate furnish mixture on cost of 
production. This analysis showed that for the subject operations, the use of a 28.8 %mixture 
of MPB and deciduous furnish would yield 3.6 % overall increase in the cost of finished 
OSB. 
To eliminate this cost gap, OSB manufacturers could investigate the economk 
viability of increasing ponds capacity, increasing ponds temperature, sale of excess fines 
material and alternative resination processes to allow inclusion of fines in finished product. 
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Chapter 1 
Introduction 
For over a decade, an epidemic infestation of mountain pine beetle has been 
spreading through the pine forests of British Columbia and Alberta. With over 16.3 million 
hectares of British Columbian forest attacked by the pest (BC Ministry of Forests 2010), and 
another 6 million hectares attacked or at risk in Alberta (Alberta Sustainable Resources 
Development 20 I 0), the overall impact on the forests of western Canada has been severe. 
Since part of the beetle's life cycle involves the introduction of a fungus that ultimately kills 
the host tree, the mountain pine beetle epidemic has resulted in mmions of cubic meters of 
dead pine volume standing on western Canada's landscapes. 
One key objective identified by the British Columbia government in response to the 
MPB epidemic is to maximize value recovery from dead standing timber before it burns or 
decays (BC Ministry of Forests 2006), while fully utilizing existing mill capacity, to the 
extent suitable. Extensive studies have been completed by organizations such as the 
Canadian Forest Service, Forest Industry Investment Limited and FP Innovations to 
determine the suitability of MPB pine for different end forest products. Many of these 
studies have focused on determining the specific characteristics of MPB pine fibre that may 
pose challenges in forest product manufacturing processes. Despite this extensive research, 
however, relative suitability of the MPB pine resource for a given use will depend on the 
comparison of overall manufacturing costs, including fibre cost, when using MPB fibre and 
those costs when using alternative fibre supplies. 
This study was centred on a Woodlands management group (the subject woodlands) and 
an OSB mill facility (the subject mill) in western Canada. The names of the mill and 
woodlands operations, as well as specific financial information will be kept confidential. The 
region in which these business units operate has ample pine timber resources, with the MPB 
pine resource building in magnitude over the past several years. This project was designed to 
assess the suitability of MPB attacked pine in the manufacture of OSB in the subject mill on 
a comparative cost basis, through comparing the costs of producing OSB with a purely 
deciduous fibre supply, versus a mixed fibre supply of deciduous and MPB pine fibre. The 
objectives of this study were to: 
• Estimate cost of an deciduous/MPB pine mixed fibre supply to the subject mm. 
• Estimate cost of OSB production using a mixed deciduous/MPB pine fibre supply. 
• Comparison of total costs of OSB production using pure aspen fibre supply and an 
deciduous/MPB mix fibre supply. 
This analysis was carried out by collecting operational and financial data from the 
participating firms, and by using Operations Based Costing (OBC) to create an operational 
cost flow simulation of the actual operations, using a pure deciduous fibre supply. 
Characteristics of MPB pine fibre and their effects on the OSB manufacturing process were 
collected from existing research and industry experts, and inserted into the simulation for 
comparison of overall costs to the pure deciduous (base) scenario. 
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Chapter 2 
Literature Review 
2.1 Physical Properties of Lodgepole Pine and Trembling Aspen 
The suitability of a given timber species for use in any wood products manufacturing 
process will depend, in part, on the physical properties of its wood fibre. 
Characteristics of wood fibre that are important in wood products manufacturing 
include green weight, moisture content, specific gravity, fibre length, bending strength and 
compression strength. Green weight is the weight of the wood fibre before any drying 
activities are carried out. As such green weight is the combined weight of woody material 
and water within wood cells. Related to green weight is specific gravity. This metric is 
defined as density of a material in relation to the density of some reference substance 
(usually water), and is calculated as follows: 
SG = Wood MassNolume 
Density of water 
However, when using oven dried values for wood mass and volume, specific gravity 
and density of wood are numerically identical. Thus, for oven dried wood, specific gravity is 
calculated as: 
Density(SG)= Wood Mass 
Volume 
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Further, moisture content (the amount of water in a given piece of wood, MC), is 
calculated by dividing the weight of water in the sample by the oven dried weight of the 
sample. Thus, calculated MC values can be greater than I 00%. The formula for 
calculating MC is given below: 
MC= Weight of water * 100% 
ODWeight 
Wood fibre of trembling aspen (Populus tremuloides), is characterized by relatively 
short fibres and high moisture content. Average fibre length for this species is 1.32 
millimetres, and typical moisture contents range from 95% in the heartwood to 113% in the 
sapwood. Further, typical green weight for this species is 688kg/cubic meter, with an oven 
dried specific gravity (density) of 0.4, and green specific gravity of 0.36. These 
characteristics give aspen wood fibre low resistance to decay when left untreated and 
relatively low bending and crushing strength. Aspen wood fibre, however, does have 
relatively good gluing properties in manufacturing situations (Pashin and de Zeeuw 1980). 
Wood fibre of lodgepole pine (Pinus contorta) is characterized by long fibre (or 
tracheid) length, and low moisture content in the heartwood. Typical fibre lengths for 
lodgepole pine are much longer than those of trembling aspen (3.19 millimetres). Also, 
lodgepole pine has much larger differences in moisture content between heartwood and 
sapwood than does trembling aspen. While this difference for trembling aspen is 18%, 
heartwood and sapwood MC values for lodgepole pine are 41% and 120% respectively (a 
difference of 79% ). Green weight of lodgepole pine is slightly less than that of trembling 
aspen, at 625kg/cubic meter. Also, the difference between the specific gravity of green and 
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oven dried lodgepole pine is larger than that of trembling aspen (Pashin and de Zeeuw 1980). 
This is an indication that as lodgepole pine fibre is dried, it will lose greater proportion of its 
spatial volume than will aspen fibre (Haygreen and Bowyer 1996). The characteristics of 
lodgepole pine fibre make it slightly more difficult to bond with adhesives, and give it lower 
resistance to decay relative to other North American industrial species. 
2.2 The Effect of Mountain Pine Beetle Attack on Wood Characteristics 
Adult mountain pine beetles attack host lodgepole pine trees in the summer of the 
year by boring through the outer bark of the tree. Once inside the host, the adult beetles build 
networks of tunnels called galleries in the inner bark of the tree. During this activity, the 
adult beetles introduce a blue stain fungus to the sapwood of the tree. As the fungus spreads, 
it kills the water conduction cells within the tree. Through this interruption in water 
conductivity, the fungus kills the tree within months of the original attack (Parks Canada 
2010). 
Wood fibre recovered from pine trees that have been killed by mountain pine beetle 
has some characteristics that distinguish it from fibre from green, living pine trees. First, 
after pine trees are killed by MPB, wood fibre moisture content falls significantly. Two 
months after tree death, wood moisture content will be roughly 30%. After one year, 
moisture content will be 20%. This change in moisture content is largely limited to the 
sapwood of the tree, as heartwood moisture content will remain almost constant (Lewis and 
Hartley 2005). As a result of this loss in moisture content, the wood fibre also becomes 
brittle in comparison to green pine wood, with losses of 11% of wood volume to breakage 
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being observed in industrial log handling activities (Byrne et al. 2005). Also, wood decay 
will have a significant impact on fibre recovery by seven years after tree death, as 40% of 
dead trees will have fallen to the ground (Lewis and Hartley 2005). Finally, as the blue stain 
fungus will invade the entire sapwood portion of the tree, this portion of the wood fibre will 
have a bluish-gray color. 
Building on the above knowledge, Trent et al. (2006) completed an in-depth study on 
the deterioration of lodgepole pine wood after death from mountain pine beetle. In this 
study, the researchers found that no correlation between the time-since-death (independent) 
variable and dependent variables of wood fibre length, wood density, and modulus of 
elasticity (stiffness). Thus, these factors do not seem to be impacted by mountain pine beetle 
induced mortality. 
2.3 Timber Harvesting 
The operations and activities that make up the timber harvesting process for a given 
woodlands business unit are carried out, in a basic sense, to transport the type, size and 
volume of wood required to processing facilities in the most efficient manner possible. As 
such, the operations and activities that make up the process can be categorized into two 
groups- preparation of wood for transport, and wood transport (Conway 1982). 
In the first category of operations, the timber harvesting process must transform a 
standing or down tree in the forest into a log of appropriate size, quality and dimensions for 
transport to the processing facility. The operations required to achieve this transformation 
have been characterized by Conway (1982) as cutting, primary transportation and loading, 
6 
with the cutting operations further sub-divided into felling, bucking, measuring, limbing and 
topping 'elements.' 
Felling describes the physical act of cutting a standing tree. Most timber harvesting 
processes in western Canada carry out felling activities using hand-operated chainsaws or 
some form of mechanized felling head mounted on a heavy tracked crawler. Bucking 
involves the cutting of felled trees to lengths measured longitudinally along the felled tree. 
Limbing is simply the removal of limbs from the trunk of the felled tree, and topping is the 
removal of the top length of the trees stem that is of diameter too small for use in milling 
facilities (Conway 1982). Bucking, limbing and topping activities can be carried out using 
hand-operated chainsaws or mechanized equipment fitted with specialized knives and saws, 
with measuring activities usually carried out with simple measuring tapes or roller devices 
mounted on bucking/topping equipment. 
Once the cutting phase of timber harvesting is complete, the wood must undergo 
'primary' transportation to the landing or roadside area before it can be loaded onto a truck 
for 'secondary' transportation to mming facilities (Conway 1982). Similar to the cutting 
phase, primary transportation is made up of multiple elements, including bunching and 
skidding. As described by Conway, bunching activities involve the gathering of single felled 
trees into a small pile before they are skidded to the roadside or landing area. Bunching 
activities are typically carried out by mechanized equipment. Next, skidding is the 
movement of bunches of trees to the roadside or landing area with a wheeled or tracked 
machine. Trees are dragged over the ground using a grapple or cable system to secure 
bunches of trees to the machine or 'skidder.' 
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Finally, once bunches of measured, bucked, topped and limbed logs are assembled at 
the loading area, a large, grapple-equipped machine (e.g. a butt n' top loader) loads logs onto 
large trucks for secondary transport to milling facilities. 
While the preceding paragraphs describe the basic operations involved in timber 
harvesting processes, the specific sequence of operations or "harvesting system" executed at 
a given timber harvesting site to accomplish the wood transportation objective will vary 
depending on external factors such as terrain, weather/climate, and the specific log 
characteristics required by milling facilities (Conway 1982). For example, steep, 
mountainous terrain will often require the use of hand-operated chainsaws in felling 
activities, as large mechanized felling equipment is limited in its ability to safely operate on 
steep slopes (WorkSafe BC 2010). Further, most modern timber harvesting systems 
combine elements described by Conway (1982) to increase operational efficiency. In the 
northern forests of western Canada, felling and bunching activities are commonly combined 
through the use of a feller-buncher. This specialized piece of equipment is typically made up 
of an enclosed cab and engine compartment capable of pivoting 360 degrees on its tracks. 
Mounted near the cab is a mobile boom fitted with a felling head. The felling head is 
equipped with a horizontally mounted circular saw and grapple arms capable of holding 
multiple cut trees before placing them on the ground in a bunch ready for skidding. Also, 
measuring, limbing and bucking activities are commonly combined into an operation known 
as 'processing.' One type of equipment used in process is a dangle-head processor. This 
equipment is made up of a tracked machine and mobile boom similar to a feller-buncher. 
However, the processing head is constructed with grapple arms, rollers, de-limbing knives 
and a cutoff saw such that the measuring, bucking, limbing and topping activities are 
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combined into one operation typically carried out at roadside or landing locations 
(www.waratah.net). In this operation, single trees are drawn through the processing head by 
the rollers. Specially oriented knives cut branches from the tree as it is pulled through the 
processing head. At predetermined lengths, the progression of the tree through the 
processing head is stopped and the stem is cut. At a predetermined minimum log top 
diameter, the top of the tree is trimmed and discarded (MacDonald 1999). A common timber 
harvesting process is outlined in Figure 1. 
• Trees cut and placed on the ground in bunches using a feller buncher. 
• Bunches of trees are dragged to processing areas using a wheeled or 
tracked vehicle equipped with a large grapple. 
• Individual trees are limbed, measured, and bucked to specified lenghts. 
Tree tops are discarded. 
• Tree segments or "bolts" are piled for loading. 
• Bolts are lifted onto log trucks using a butt n' top loader. 
• Tree segments are transported to milling facilities on log trucks. 
Figure 1. A typical sequence of timber harvesting operations in western Canada. 
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2.4 Key Variables in Determining Cost a( Timber Harvesting 
Due to their effects on the amount of machine time needed at each stage of timber 
harvesting to process a unit of timber, several factors are important in deterrruning the overall 
cost of timber harvesting at a given site. Some of these factors are outlined next. 
2.4.1 Felling, Bunching, Skidding and Processing 
First, ground slope can affect each stage in the timber harvesting process. 
Productivity for feller-bunchers is greatly reduced by increases in ground slope due to its 
affect on machine mobility and safety. On slopes greater than 60%, feller-buncher machine 
stability can be compromised and worker safety becomes a concern. Further, on slopes 
greater than 35%, skidding equipment can overturn if run over small obstacles such as 
windfalls or stumps that would not be of concern on lesser slopes (MacDonald 1999). Also, 
while favourable ground slope1 is beneficial to skidding operations, adverse slope, together 
with skidding distance to roadside, has significant negative impacts on operational cost as 
skidder machines are limited on their load capacity while traveling up steep slopes. Further, 
processing and loading operations are negatively affected by excess ground slope, as the 
decking and handling of logs at roadside processing/loading sites is difficult when these sites 
are located on steep slopes. 
Stand density and tree size also significantly impact timber harvesting costs. For each 
operation within the timber harvesting process, there is an inverse relationship between stand 
density and/or tree size and operational cost. Increased stand density and tree size will 
improve productivity of felling/bunching and skidding operations, as the machines in these 
1 Favourable slope- equipment moves downhill while carrying or dragging a load. Adverse slope- equipment 
moves uphill while carrying or dragging a load. 
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operations will require less movement and number of operational cycles to process a given 
volume of timber. Also, increased tree size will improve efficiency of processing and 
loading through decreased number of operational cycles required per unit of output (Conway 
1982). In all phases of logging, however, maximum load capacities and machine dimensions 
must be considered to ensure that timber to be harvested is not too large for the equipment on 
site. 
Also in timber harvesting operations, breakage of logs in machine handling can 
produce significant losses in wood volume (Lewis and Hartley 2005). Breakage has been 
noted to be most common at the felling stage of timber harvesting operations (Conway 
1982), with risk of breakage increasing with increased slope, broken ground conditions and 
defect in standing timber. Further, stand defect and breakage has been noted as a key 
consideration in logging stands infested with mountain pine beetle. In a 2010 study of 
harvesting MPB pine in the central interior of British Columbia, Nishio found thirty-three 
and thirty-six percent decay, waste and breakage of MPB pine in two separate harvesting 
operations. In this study, the feller-buncher handled roughly 33% more volume than was 
ultimately delivered as product of the harvesting operation. This high level of waste lead to 
high costs of wood recovered from the harvesting operation. 
2.4.2 Trucking 
The trucking operation in the timber harvesting process represents the culmination of 
the efforts extended in the process, where wood volume is transported to the milling facility, 
and the logging contractor receives payment. Log hauling operations in western Canada are 
carried out using various combinations of tractor/log trailer combinations. Legal 
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requirements in regards to maximum load dimensions (length, width and height), as well as 
load weight are dependant on the particular configuration employed by a given timber 
harvesting operation or log haul contractor. There are, however, several operational factors 
common to all truck/trailer configurations that will impact efficiency. First, alignment, 
grade, surface and distance of roads between the loading site and the mill will have 
significant impact on trucking cost per cubic meter of wood delivered. In many areas of 
western Canada, logging roads must be constructed on steep, uneven ground. Steep grades, 
either adverse or favourable, will negatively impact the efficiency of log hauling operations. 
Steep adverse grades force trucks to travel at slower speeds, and require trucks with higher 
horse power. Also, steep favourable grades will cause increased brake wear and will not 
guarantee faster haul speeds, as loaded logging trucks must maintain safe speeds to maintain 
control. Also, winding roads will slow cycle times by forcing slower haul speeds to maintain 
control through corners (Conway 1982). As such, personnel planning timber harvesting 
operations can significantly influence log haul costs through selecting road alignments that 
minimize haul distance, steep grades and sharp corners. 
In a 2006 study, Jokai investigated the impacts of mountain pine beetle killed timber 
on the efficiency of log hauling by measuring weights hauled by a series of trucks to two 
sawmills in Quesnel, BC. The study found that trucks hauling mountain pine beetle- killed 
fibre are consistently under their legal axle weights, but are constrained by legal dimensions 
of the loads. Since most of the logs sampled in this study had been dead before they were 
harvested, low moisture content of the trees lead to light loads on the logging trucks. Since 
log hauling contractors were paid on a dollars per ton-hour basis, with a minimum hourly 
rate, un-utilized load capacity represented significant loss of potential revenue for these 
12 
contractors (Jokai 2006). Thus, it is clear that weight and dimensional capacity of logging 
trucks must be matched to the characteristics of the wood that is to be moved, a notion 
supported by industry experts (BC Forest Safety Council 2010). If log truck/trailer 
configurations are mismatched to the fibre they are to transport, equipment owners will not 
realize efficient returns on investment. 
2.5 The OSB Manufacturing Process 
Processes set up to manufacture OSB typically begin with the arrival of a loaded 
logging truck at the mill site. Before being unloaded, logging trucks must pass through the 
scales at the mill site. The scale area is typically located at the edge of the mill site, and 
consists of a hydraulic or electric truck scale and a small building for scale operators. Here, 
truck weights are measured before and after they are unloaded. This determines the weight 
of the load of logs. Conversion factors (cubic meters of wood of wood per ton) are used to 
determine the volume of wood delivered in the load. 
Once a loaded logging truck has been weighed, it travels some distance across the 
mill yard to the unloading area. Operations through which logging trucks are unloaded vary 
from mill to mill, but will typically utilize some sort of mechanized loader or crane. In 
western Canada, many modern OSB mills have invested in portal cranes to move logs within 
the mill yard area. This equipment consists of a large grapple claw suspended by guide 
cables from a tall superstructure (Conway 1982). Once unloaded from the logging truck, 
logs are stored in large piles in the log yard until they are moved to the mill in-feed area. 
Logs are typically moved from the log storage areas to the mill in-feed using front 
end loaders or portal cranes. Once the logs have been moved to the mill in-feed, they are 
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placed in a water pond for thawing and conditioning prior to the debarking and stranding 
operations. These ponds consist of a deep water vat, and a chain or conveyor system to move 
logs through the vat. Logs typically occupy the majority of the vat volume, with the length 
of time logs spend in the ponds and the temperature of ponds varying from mill to mill. 
Once through the conditioning ponds, logs travel up a jack ladder to the debarking machines. 
The configuration of debarking equipment will vary from mill to mill, but will generally 
consist of 'ring' debarker or 'drum' debarker configurations. With ring debarkers logs are 
drawn individually through a ring of specialized knives that cut or scrape the bark from the 
log. Drum debarkers, however, consist of a large drum to hold multiple log pieces. A roller 
system at the bottom of the drum forces logs to roll within the drum. As the logs roll against 
the sides of the drum and each other, bark is smashed from the surface of the logs. 
Advantages of drum debarkers over ring debarkers are that they can process greater volumes 
of logs in a given period of time than ring debarkers. Drum debarkers, however, can cause 
more damage to the logs than ring debarkers. Also, ring debarkers are constrained by the 
diameter of the knife ring in their ability to process large logs, and excessively small logs 
also cause inefficiencies (Maloney 1993). 
Once logs have been debarked, they are moved on conveyors to the stranding 
operation. At this point some OSB mills will include an operation where logs are cut to short 
lengths before the stranding operation. If this operation is included, logs are moved along a 
conveyor as specified lengths and cut with a mobile saw. 
One type of stranding equipment often used in OSB plants is a disk-style flaker. This 
machine consists of a large metal disk with cutting knives specially mounted at set intervals. 
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As the disk rotates, log bolts are pushed and held onto the cutting surface by chain systems in 
the log in feed. Log bolts are fed into the operation such that cutting occurs parallel to the 
wood grain. Two types of knife blades are mounted on the cutting disk, with cutting knives 
oriented parallel to the grain of the wood and scoring knives oriented perpendicular to the 
grain to cut strands to length. This operation produces strands of wood of dimensions 
between three to four inches long and half to one inch wide, with strand sizes being 
adjustable if disk flakers are used. These wood strands represent the main raw material for 
operations following stranding in the process, and the quality of strands produced in the 
stranding operation are key to the ultimate quality of boards produced. Strands cut too wide 
will inhibit even spread of resin and wax in the blending operation, thus weakening bonds 
formed in the pressing stage. Also, wide strands can block the venting of gasses from the 
strand mat during pressing, leading to blistering or gas pockets on the surface of finished 
boards (Maloney 1993). Further, the production of excess fine (small) wood strands in the 
stranding operation leads to expensive wood waste, as much these fines must be screened out 
of the process before the forming stage. Otherwise, structural properties of the boards will be 
compromised (Maloney 1993). Disk-style stranders are known to produce high quality 
strands because knife orientations are adjustable within the machine, and log bolts are held 
against the cutting surface with high precision (Maloney 1993). As well, use of the 
conditioning ponds at the beginning of the manufacturing process helps improve strand 
quality by increasing log temperature and moisture content before the stranding operation. 
Strands are moved from the stranding operation to storage in the wet bins before being fed 
into the drying operation. 
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The drying operation is set up to remove unwanted moisture from wood strands. 
Depending on mill process specifics, optimal strand moisture content after drying will be 
between two and seven percent (Maloney 1993). One type of drying equipment commonly 
used in OSB manufacturing is a 3-pass dryer. This equipment consists of a three-cylinder 
rotary drum. Strands are forced through the cylinders using forced hot air, and strands are 
dried as they move through the hot air in the cylinders. Drying infeed temperatures and 
strand retention time in the dryer are set based on the size, geometry, and moisture content of 
the strands . However, large variations in moisture content between strands can be 
problematic in drying, as material that is relatively dry when it enters the drying operation 
can over dry and ignite. Variations in moisture content are common to some species of 
feedstock. For example, as previously noted, lodgepole pine has large variations in wood 
moisture content between the sapwood and heartwood of a tree. This situation can be 
minimized, however, if wood from smaller trees are brought to the mill, as these trees will 
have a smaller proportion of heartwood (Maloney 1993). 
After the drying operation, strands are run through a screening operation to remove 
fine wood particles from the process. This material is often diverted to a burner or furnace 
system used to heat the mill facility (Maloney 1993). After screening, remaining strands are 
fed into the blending operation. In this operation strands are tumbled through a drum-shaped 
machine. Resin and wax is added as the strands tumble, such that the strands are coated with 
these compounds. The resin is used as a binder in the pressing operation, to make strands 
stick together to form a board. Wax is used to improve resistance to water absorption of the 
final product, and to improve the effectiveness of the resin binder (Timberco Inc. 2010). 
A flowchart of the operations in the OSB manufacturing process is shown in Figure 2. 
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trucks are wei 
•Log trucks are unloaded using the portal crane. Wood bolts are stored in large piles. 
•Wood bolts are moved to the on as needed. 
•Wood bolts are moved through warm water to thaw wood and Joosten bark. 
•Bolts are rolled against eachother in a drum to remove bark. 
•Wood bolts are cut into small strands of wood fibre. 
•Wood strands are held before drying operation. 
•Wood strands are dried to specified moisture content. 
• Fine wood material is screened out of the furnish. Strands of adequate size are sent to dry 
bins. 
•Wood strands are held befor blending. 
•Wood strands are coated with resin and wax. 
•Strands are layed down in layers of specified orientation on a conveyer belt. 
• Mats of resinated wood strands are hot pressed to form solid boards. 
• Boards are trimmed, stacked, sanded, edge coated and packaged. 
Figure 2. The OSB Manufacturing Process 
From the blending operation, strands are moved to the forming operation. Here, 
strands are passed through a forming machine and laid down in linear mats along a conveyor 
system. Mills typically make boards consisting of 3 or 5 oriented layers of strands. Layers 
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of strands are oriented in opposite directions on top of each other to form one mat along the 
forming line. This opposite orientation of the strands in the mat is key to structural integrity 
of the final finished product. Since wood is has the most strength along the grain, alternating 
the orientations of the strands produces a board that is strong in both directions (Haygreen 
and Bowyer 1996). Also, by creating a mat of wood strands, effects of random defect in the 
strands are minimized, and consistent strength is achieved throughout the finished board. 
From the forming line, mats of oriented, resinated strands are conveyed to the 
pressing operation. The press operation is generally considered the strongest indicator of 
overall plant capacity, with press capacity and cycle time being key variables (Spelter et al. 
2006). In this operation, heat is transferred to the strand mat under pressure to activate the 
resin and form a solid board. A common style of press used in Canadian OSB plants is a 
multi-opening, batch pressing system. In these systems, segments of strand mat are loaded 
into successive levels of the mult-level press. Fully loaded, the machine compresses all 
levels simultaneously to transfer heat to the strand mats. The cycle time of this operation 
will depend on the loading, unloading, compression and heat transfer times within the press 
cycle (Walker 1993 ). Further, combinations of press pressure and temperature, resin 
formulation and mat moisture content must be optimized to minimize press cycle time 
(Maloney 1993). 
Once pressed, segments of OSB are cooled, trimmed and cut to desired size in the 
finishing operation using automated saws and conveyor systems. Finished boards are then 
stacked, sanded, edge coated, labelled and wrapped for shipping (Timberco Inc. 2010). 
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2.6 Impacts o(using MPB Fibre in the OSB Manufacturing Process 
OSB manufacturing processes in western Canada have, for the most part, been set up around 
fibre sources made primarily of aspen. Aspen is a lightweight, cheap and readily available 
fibre source. However, the availability of mountain pine beetle killed pine fibre has lead to 
extensive research on the implications of using this fibre source in manufacturing OSB. A 
graphic of expected cost implications of using MPB pine in the manufacture of OSB is 
included in Figure 3. 
In using MPB fibre in the OSB process, the first challenge is at the stranding 
operation. Dry, brittle wood from MPB trees produces larger amounts of fine material at the 
stranding stage than does green aspen fibre, with Lam et al. (2008) finding 28% fines 
production from MPB pine. This loss in fibre represents a significant increase in cost of raw 
material to the process. 
Another effect of the dry and dense nature of MPB fibre is increased wear on 
stranding knives over that of aspen fibre. Maloney (1981) notes a sixty percent decrease in 
useful life of stranding knives when dead pine wood is used. 
Further increases in cost from using MPB pine to manufacture OSB will stem from 
the greater porosity of the MPB fibre than aspen fibre. In a 2007 study, Feng and He found 
that to manufacture OSB of adequate wood bonding, sixteen percent more liquid phenol resin 
or seven percent more powder phenol resin was needed when MPB fibre was used in place of 
aspen fibre. 
Finally, in a 2006 study, Hartley and Sarin found that since many production facilities 
need to adjust equipment prior to processing MPB pine or control proportions of this fibre 
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entering the facility, these operations must sort MPB pine logs outside in the log yard. The 
resulting increase in movement of equipment and raw materials leads to increased cost for 
the milling operation. Further, the type of equipment used to handle logs can affect the 
amount of breakage observed in an operation. In a study of handling deciduous logs in an 
Alberta OSB operation, Andersson and Dyson (2005), found that the use of a portal crane to 
move logs within the inventory storage yard was associated with higher rates of breakage 
than when butt-n-top loaders were used to move logs. Portal cranes, however, provide 
significant efficiency in inventory movement due to their large size and grapple capacity. 
Table 1. Factors Expected to affect Cost of OSB Production when MPB Pine 
is Introduced into the Process 
Factor 
Breakage of logs during harvesting 
and log yard operations 
Dryness of MPB wood leading to 
light loads in log transport 
Increased fines production in 
stranding 
Increased wear on stranding knives 
Increased resin use 
Log sorting in log yard 
Increased consumption of utilities in 
pressing process 
Expected Impact on 
Operational Cost 
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Despite these increased costs, MPB fibre can be used to make acceptable OSB 
product. In a 2007 study, Feng and He found that at high press temperatures (200 degrees 
C), bonding strength within OSB made with MPB fibre was comparable to boards made with 
aspen fibre. Further in this study, the authors noted that while the manufacture of OSB with 
acceptable characteristics from 100% MPB fibre is not possible at this time, acceptable 
boards can be made from mixtures of aspen and MPB fibre (up to 50% MPB). Boards 
produced during the study made of fifty percent MPB showed an increase in board density of 
eleven percent over boards made from pure aspen fibre. Also, these boards showed a four 
percent increase in internal bond strength, six percent increase in dry MOE (stiffness) and an 
eight percent increase in dry MOR (bending strength). These boards did, however, show an 
eleven percent increase in percentage water absorption and twenty six percent increase in 
edge thickness swell when soaked in water. The increase in thickness swell was attributed to 
the higher density of pine fibre over aspen fibre, but can be significantly decreased by using a 
105 to 110% 'stand-off' during the pressing operation. Using this technique, the press is 
slowly closed over the strand mat at the beginning of the press closure activity. 
Overall, the results of the review of research on the effects of MPB pine fibre on the 
OSB manufacturing process indicates that the use of this fibre source will lead to increased 
cost of production over a scenario where a pure deciduous fibre supply is used. 
2. 7 Review of Product Costing Methods 
2. 7.1 Traditional Costing 
The traditional product costing method was first developed in the early 1900s and is 
in widespread use in North American industry (Drury 1992). This approach is easily 
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implemented, with the allocation of operational costs to various products manufactured by a 
given company being completed using one input variable as an allocation tool (e.g. labour 
hours used per product). This is done based on the assumption that different products require 
costs in proportion to the allocation variable (Deo 2001 ). 
This assumption, and thus the use of the traditional costing method, however, can 
lead to distortions in the actual cost of production of each product, if the cost allocation ratios 
do not accurately estimate the actual amount of firm resources used to manufacture each 
product (Mishra and Vaysman 2000). These inaccuracies can lead to inappropriate price 
setting by the firm, as product prices are often set at some predetermined level above product 
cost. If cost calculations are based on inaccurate assumptions of the use of fixed overhead 
resources, profit margins will be inaccurately predicted and recorded (Deo 2001). This 
problem is exacerbated on modern shop floors as production machines have become more 
flexible, systems are more complex and automated, personnel operate many machines 
simultaneously, and highly qualified (and costly) staff are often used in carrying out 
operations (Barth et al. , 2008). 
2. 7.2 Activity Based Costing 
In the late 1980s, North American firms began to implement activity-based costing 
(ABC) methods as an alternative to traditional costing (Mishra 1996). In describing this 
costing appoach, Barth et al. (2008) assert that ABC is based on the principal that "cost 
objects consume activities, activities consume resources, and resources consume costs." 
Under ABC, an activity is defined as "a description of work that goes on in a 
company," (Turney 1993). As such, an activity might be the loading of data into a computer 
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system, sweeping of floors or training of workers. Also, cost objects are the reason or 
outcome sought in a process or series of activities. These would include products and 
services provided to customers by a firm. Resources, in turn, are the elements that are 
needed to carry out an activity that carry costs. These include materials, depreciation on 
equipment, and wages/salaries of employees (Turney 1993). 
The ABC system is designed to allocate costs of the firm to the firm's products in a 
fashion that accurately depicts the resources consumed to make each product. To determine 
product (cost object) cost under ABC, proportions of the total costs of each activity needed to 
make the product must be determined and added together. To do this, however, the total 
costs of each activity and the amount of the activity consumed by the product must be 
determined. To determine the cost of an activity, the total cost of all of the resources used in 
the activity is determined. Then, to determine the amount of this total activity cost that 
should be assigned to a given product, an appropriate cost driver must be determined for the 
activity. The specific cost driver selected for a given activity will have significant impact on 
the final cost determined for a cost object. An example of a cost driver might be the amount 
of time needed for a given activity in manufacturing a product. By applying the cost driver 
of the activity to the total cost of the activity, the allocation of total activity cost for a cost 
object is determined (Turney 1993). A short example of this costing method is outlined 
Table 2 below. 
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T bl 2 E a e xample o fABC 
Resources 
Materials $20,000 
Wages of Maintenance workers $100,000 
Total Activity Cost $120,000 
Total Machine parts greased 200 
Equipment Maintenance Cost I 
Activity Driver $600 
Cost Assignment to Cost Product 
Objects A 
Amount of Activity Driver 
Used 150 
Maintenance Cost assigned $90,000 
Activity: Machine maintenance 
Activity Driver: Machine parts greased 
Product 
B 
50 
$30,000 
In the example in Table 2, total costs of the maintenance department of the firm are 
allocated to each of the firm's products by applying the activity driver to the total cost of the 
department. Here, product A uses 75% of the total number of the activity driver, and thus is 
allocated 75% of the total activity cost. 
In the above example, it may be determined by management that equal number of 
maintenance worker hours are used in the production of each of the products. Thus, if the 
traditional costing method were used to allocate maintenance costs to each product, the costs 
of each product would appear equal in terms of cost of equipment maintenance. If the 
number of machine parts greased more accurately depicted the use of resources in equipment 
maintenance than the number of worker hours, ABC would provide the more accurate 
product cost. This example shows two main differences between traditional costing and 
ABC. First, managers are forced to determine the costs of each activity completed in the 
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firm, a process that is not required under traditional costing. Also, under ABC, more and 
varying activity drivers are used to allocate costs (Turney 1993). 
To the firm, the main benefit of implementing ABC over the use of a traditional 
costing approach is that it provides more detailed cost information, per product, to 
management. This high accuracy in cost data, in turn, allows management to more easily 
make optimal decisions in product mix , pricing or process improvement (Ittner et al. 2001). 
However, many researchers have communicated significant difficulties with ABC. For 
instance, Krumwiede (1998) notes that implementation of an ABC system will be a very 
complex, multi-stage process for most firms. 
However, to address the complexity of implementing an ABC system, Barth et al. 
(2008) suggest a reference model, derived from ABC, for resource classification and a 
system to tailor this model to a given shop floor situation. Under this costing protocol, a 
subject production process is broken down into manageable parts based on subsystem type-
"transform," "control," "move," and "store" areas, and a process flow chart is established. 
From a reference list of resource types, resources are identified at each area. Cost drivers are 
then identified for each area, a process that is potentially painstaking but that is sped up by 
categorization of cost drivers. Finally, actual costs of production are calculated using the 
gathered information. While this system does simplify the application of the ABC concept, it 
still does require the meticulous assessment of cost drivers, activity drivers and resource 
drivers. 
In addition, implementation of ABC is not appropriate for all firms. Mishra and 
Vaysman, (2000), note that only firms with high uncertainty around product costing 
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information will benefit financially from an ABC system. If the costs of production are 
easily understood, then a more detailed, precise costing system will give the manager the 
same information or more than is needed to make optimal choices. 
Further problems may arise in implementing ABC because of operational or human 
factors. These may include the inability to separate costs of services that are provided 
simultaneously (Maher and Marais 1998), information asymmetry within the organization 
(Mishra 1996), and interdepartmental politics, economics and culture limiting success of 
implementation (Malmi 1997). Also, the ambiguity of the words 'activity,' 'work,' 
'operation,' and 'process' can lead to difficulty in identifying the boundaries of each segment 
of production (Deo 2007). To address this ambiguity, Deo (2007) suggests that a process is 
made up of a series of operations. Each operation, in turn, is made up of a series of tasks. 
For example, the basic operations in the manufacturing process for OSB might be described 
as log yard, ponds, stranding, drying, forming, pressing and finishing. Within each 
operation, there would be a series of tasks that must be performed to complete the operation. 
Continuing the example, the tasks within the pressing operation might be described as press 
loading, closure, application of pressure, press opening and unloading. These definitions 
provide a basis for segmentation of the pieces of a production process under Operations 
Based Costing (OBC), and will be used to describe the various segments of a manufacturing 
process for the remainder of this report. 
2. 7.3 Operations Based Costing 
As described by Deo (2001), operations based costing (OBC) is a system for 
measurement of production costs alternative to traditional costing and ABC. The OBC 
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system is built on the principal of adding the costs associated with the employment of 
resources in an operation to the cost of material upon which an operation is being performed 
to arrive at the cost of a unit of output. 
As previously described, a manufacturing process is made up of a series of operations 
carried out to produce some output. In carrying out these operations, resources are employed 
that incur cost for the firm . Under OBC, these resources associated with carrying out 
operations are broken out into eight categories, termed 'resource categories.' Resource 
categories include machinery, fixture, labour, space, contracts, incentives, materials, and 
costs associated with financial resources used to secure inventories. Each of these resource 
categories and their contributions to costs of operations are next described in detail. 
Some form of machinery is used in most operations. For example, the press operation 
in the OSB manufacturing process utilizes loading/unloading and pressing machines to 
convert a formed mat of wood strands into a solid board. The costs associated with the 
machinery used in an operation are those incurred through the loss in value of the machinery 
as it is used or over time, and the costs associated with machine related utility consumption. 
Under OBC, the cost contribution of the machine to an operation is calculated by adding the 
purchase price, tax and duty, installation cost, operator training cost and interest (loan) costs 
of the machine and subtracting expected salvage cost at the end of its useful life. Next, 
divide this summation by the number of operations in the machine's useful life and add the 
utility cost per operation time. The resulting value is the cost contribution per operation of 
the machine. 
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Fixtures are used in some operations to hold machinery or to hold, mould or shape 
material during the operation. Fixture costs are calculated in much the same manner as 
machine costs. However, fixtures are typically specially designed for a particular operation 
and thus will have no salvage value at the end of useful life. Also, fixtures do not require 
utilities to operate. Thus, these factors are not considered in the calculation of fixture cost 
contribution. 
Many operations require the use of labour resources to convert raw materials into 
products. The cost of an operator under OBC includes the operator's wages or salary, living 
allowance, fringe benefits such as gym space, lunch area or parking lot, and cost of support 
services at the work area. It is important to note that the definition of support services under 
OBC includes the cost of the personnel responsible for supervising the operator. 
To arrive at the cost contribution of labour for an operation, the above noted costs are 
summed for a period of time and divided by the number of operations completed during that 
time. 
Next, every industrial operation requires some form of work space or setting. Cost of 
work space is assessed by a "market rent rate for a similar area on a cost per square area per 
time basis." In addition, this cost includes all lighting, gas (heat), security system, 
maintenance and general cleaning of the work area. To arrive at the cost contribution of 
work space to the cost of the operation, the above costs are summed for a given period of 
time and divided by the total number of operations completed during that time. 
In completion of operations, many firms make use of contracted services for some of 
the required tasks. For example, woodlands operations regularly complete timber harvesting 
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operations almost entirely through the use of contractors. Contract costs include initial 
expenses, annual fees, and regular costs for a given period associated with a contract. This 
total period cost is divided by the number of operations in that period to calculate the cost 
contribution of contract services to the operation. 
Similar to contract costs, firms will sometimes offer incentives to suppliers to 
encourage them to provide excellent service or quality. An example of this might be 
incentives paid to a log hauling company for maintaining an excellent record of on-time 
deliveries. The cost contribution of incentives to an operation is calculated in the same 
manner as that of contract costs. 
The cost contribution of materials to the cost of an operation is based on the amount 
of wasted material, scrap and lost material during the operation. The value or cost of wasted, 
scrapped or lost material is equal to its initial cost per unit at the outset of the operation. An 
example of this type of cost would be the generation of fine wood particles during the 
stranding operation in the manufacture of OSB. Since these fine particles are screened out of 
the furnish and not used in board production, they represent waste. Also included in the cost 
of material under OBC is the cost of joining materials used during the operation. The cost of 
resin and wax added to wood strands during the blending operation in OSB manufacture 
would be an example of a joining material cost. Material cost contribution is determined by 
adding the cost of waste, scrap and lost materials to the cost of joining materials used in a 
time period, then dividing by the number of operations performed during that period. 
Finally, the last resource category is the cost of materials tied up in inventory. These 
are the interest costs paid on monies used to purchase inventories, or the opportunity cost of 
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interest that would be earned if the funds were available to invest. An example of this type 
of cost would be the capital cost associated with maintaining an inventory of logs outside an 
OSB mill. The cost contribution of capital cost to an operation is the total capital cost over a 
time period, divided by the number of operations completed during that period. 
During the course of an operation, resources employed act on raw materials to 
produce an output. By summing the cost contributions of each of the resource categories for 
an operation, the manager will arrive at the total cost of the operation. By adding the total 
operation cost to the cost of primary raw material, the manager will realize total cost of the 
output. In a re-work situation, where a second operation is required after the first operation is 
unsuccessful but the material is not scrapped, the total cost of the output is the combination 
of primary raw material cost and the cost of each of the operations carried out on it. If the 
output of an operation is in turn the input for the next operation in a production process, the 
cost of the output from the first operation becomes the cost of the primary raw material for 
the next operation in the sequence. 
2.8 Using Simulations in Predicting Process Outcomes 
Simulation is the creation of models that represent actual processes and is carried out 
with the goal of predictive experimentation, or investigating 'what if' scenarios 
(www.lanner.com 2010). Simulations are used to predict likely outcomes when certain 
conditions are changed within a process, and have been used in a large array of management 
applications such as production systems management, inventory management, forest fire 
behaviour and resource planning (Conway 1982). In a production setting, data produced 
from simulations will help management select between alternative production scenarios (Deo 
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2001 ). It is important, however, that models used to predict process outcomes closely 
resemble reality. Further, simulations offer the greatest advantage to the manager when there 
are multiple variables in a process that may interact, change or are to be considered in the 
analysis (Anderson 2005). Further, simulation offers the added benefit of allowing the 
manager to carry out operational investigations without interrupting operations on the shop 
floor (Conway 1982). 
3.1 Overview 
Chapter 3 
Methodology 
This study was carried out using the operations based costing framework to 
categorize, map and simulate the production processes in the subject woodlands and oriented 
strand board organizations. Once complete, the simulation was used to determjne the effects 
of using mountain pine beetle on the cost of OSB production. All production volumes and 
costs used in the analysis were based on those actually realized during a production period 
for the subject mill and woodlands, with the exception of the costs of space rental which 
were found using online real estate websites. 
The first step carried out was to map the production process by identifying operations 
performed during the material flow. This process map was the base upon which the cost 
flow simulation would be build using OBC. Information for the process map was obtained 
through touring the OSB production facility, interviewing operational staff from the subject 
mill and woodlands and by using the researcher's knowledge of timber harvesting operations. 
With the manufacturing process mapped and operations identified, resources used in 
each operation were identified. Using the eight elements of OBC, each operation was 
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examined to determine the resources being consumed. Resources consumed at each 
operation were itemized for inclusion in the cost analysis, and were verified through 
interviews with operational staff from the subject mill and woodlands. Cost and production 
data was obtained from the finance departments of the subject mill and woodlands. 
3.2 Generic Cost Modules 
To efficiently arrange and analyse the resources used in each operation, and 
associated costs, thirty six generic cost modules were developed in MS Excel based on the 
cost elements set out in OBC (see Appendix A). These cost modules were designed to be 
used interchangeably in creating cost spreadsheets for any given combination of resources 
used in an operation. Using these modules, one costing spreadsheet was created for each 
operation in the manufacturing process, with individual costing spreadsheets then being 
linked together using MS Excel formulas to simulate the flow of cost through the 
manufacturing process. 
Fixture 
Machine 
Material in 
~Inventory 
Was te and Scrap Liabilit ies * 
Support Systems * 
Figure 3. Configuration of a manufacturing operation w1 th cost e lements and material flow. 
Adapted from Deo, 200 I. 
* Lndicates a cost element that has been included in addition to the elements described jn the 
OBC framework. 
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The creation of the thirty six costing modules was based on the eight cost elements 
described in the OBC framework. The contribution of the cost elements, along with two new 
cost elements identified during this study (liabilities and support systems), to the 
configuration of a manufacturing operation are shown in Figure 3. The cost contributions of 
each of the cost elements are added to the cost of material undergoing the operation to 
determine the cost of the product of the operation. The thirty six costing modules and their 
relations to the cost elements of OBC, as well as the two new cost elements, are described 
next in detail. While all of the modules may be used in costing an operation, it was 
expected that cost analysis carried out on many of the operations examined in this study 
would require only a subset of the cost modules. The costs described in these costing 
modules can be expressed as a cost per time T (module 1, time interval of interest), per hour 
or per unit of output. An example of costing modules one through eight (time period and 
machine) are provided in Table 3 below. 
Cost or production data marked as 'given' in the costing modules are values entered 
directly into the spreadsheets and are provided by participants in the study. Items marked as 
'calculated' in the modules are calculated using items marked as given. Hourly cost items 
marked as 'calculated' are determined by dividing the total cost of a resource by the number 
of available operating hours in the period of interest (T) shown in module 1. 
In addition, it is advantageous to include the number of hours actually operated in 
module 1 as well. This provides a basis for determining the total cost of resources used on an 
hourly basis such as operating labour. Further, unit cost item marked as 'calculated' are 
determined by dividing the total cost of a resource by the total number of units produced by 
the operation in timeT. Modules two through eight describe costs associated with the 
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machines used in an operation, including initial machine cost, machine interest, expected 
salvage value, machine cost (change in value plus interest), machine utilities and machine 
maintenance. These costs are summed up in module eight to give the total machine cost. 
Table 3. Example of generic cost modules 1 though 8, describing time period and machine 
cost elementi. 
Cost Cost/ 
Module ** Assume 10,000 units of ~roduction Cost/T I hr unit 
Working hours 
1 Time period Given available IT 2000 
Given Hours Oeerated 1500 
Initial 
Machine 
2 Cost Given Purchase Price $10,000,000 
Given Trans~ortation Cost $50,000 
Installation Cost + 
cost of bringing to 
Given eroduction $50,000 
Given Tax and Dut~ $20,000 
Calc total $10,120,000 
Machine Interest on the cost 
3 Interest Given of machine IT $0 $506,000 
Machine Cost Plus 
Calc interst IT $10,626,000 
Expected 
Salvage 
Machine 
4 Value Given Value after Time 'T' $9,000,000 
Machine 
5 Cost Calc Cost of machine IT $1,626,000 
Calc Cost of machine I hr $813 
Machine units of utilities 
6 Utilities Given consumQtion I hour $10 
Given Utilit~ Cost I unit $2 
Calc Utilities cost Eer hr $20 
Machine Maintenance Cost I 
7 Maintenance Given T $10,000 
Maintenance cost I 
Calc hr $5 
Total 
Machine Total Machine cost I 
8 Cost Calc hr $838 
Total Machine cost I 
unit $167.6 
2 Data included in Figures 6 through 16 are for example purposes only and do not reflect actual cost data 
collected from the participating companies in this study. 
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Next, modules nine through fifteen describe costs associated with fixtures used in an 
operation. These modules are very similar to those set up for the machine, except that there 
is no module for fixture utilities, as fixtures do not consume utilities. An example of costing 
modules nine though fifteen is provided in Figure 4 below. Further, modules sixteen through 
twenty describe costs associated with operating labour. 
Table 4. Example of generic cost modules nine through fifteen, describing time 
period and fixture cost elements 
Modul Cost/ Cost/ 
e ** Assume I 0,000 units of Eroduction Cost/T hr unit 
Working 
hours 
9 Time Eeriod Given available IT 2000 
Initial Fixture 
10 Cost 
Purchase 
Given Price $10,000,000 
Transportation 
Given Cost $50,000 
Installation 
Cost + cost of 
bringing to 
Given Eroduction $50,000 
Given Tax and Duti': $20,000 
total $10,120,000 
Interest on the 
cost of fixture 
11 Fixture Interest Given IT $0 $506,000 
Fixture Cost 
Calc Plus interst IT $10,626,000 
Fixture Expected Value after 
12 Salvage Value Given TimeT' $9,000,000 
Cost of 
13 Fixture Cost Calc Fixture IT $1,626,000 
Cost of 
Calc Fixture I hr $813 
Fixture Maintenance 
14 Maintenance Given Cost IT $10,000 
Maintenance 
Calc cost I hr $5 
Total Fixture Total Fixture 
15 Cost Calc cost I hr $818 
Total Fixture 
cost I unit $0.08 
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Table 5. Example of generic cost modules sixteen through twenty, describing 
operator cost elements 
Cost/ Cost/ 
Module **Assume T = 2000 hrs T hr 
Operator Training 
16 Cost Given Oeerators Training Hours IT 50 
Operators Training 
Calc cost IT $49,100 
Operators Training 
Calc cost I hr $20.95 
17 Oeerator Base Pa~ Given Operator wa~es I hr $45.00 
Employee benefit 
18 Cost Calc Oeerator holidai: eai: IT $2,000 
Given Oeerator bonus eai: IT $1,000 
Operator Employment Insurance 
Given Cost IT $1,000 
Given Oeerator Payroll Tax Cost IT $500 
Given Oeerator WCB Pai:ment Cost IT $50 
Operator Pension contribution Cost I 
Given T $4,500 
Given Oeerator medical/dental Cost IT $5,000 
Calc Total Oeerator Cost IT $14,050 
Calc Total OEerator Cost I hr $7.03 
Employee 
19 Supervisor Cost Given Sueervisor Salary IT $80,000 
Given Sueervisor holidai: eai: IT $2,000 
Given Sueervisor bonus eai: IT $1,000 
Supervisor Employment Insurance 
Given Cost IT $1,000 
Given Sueervisor Patroll Tax Cost IT $500 
Given Sueervisor WCB Pai:ment Cost IT $50 
Supervisor Pension contribution 
Given Cost IT $4,500 
Given Sueervisor medical/dental Cost IT $5,000 
Calc Total Sueerivosr Cost IT $94,050 
Total Superivsor Cost I supervisor 
Calc work hr $45.22 
Given Total SuEervisor work hours IT 2080 
Supervisor hours spent giving advice 
Given and guidance to OEerator I T 686.4 
Calc Total cost of SuEervisor IT $31,037 
Calc Total cost of SuEervisor I hr $15.52 
Total Operator 
20 Costlhr Calc $88.50 
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An example of costing modules sixteen though twenty is provided in Table 5 above. 
Module sixteen describes the costs associated with training operators, and is the cost of 
machine time spent idle while operators are being trained. Modules seventeen and eighteen 
describe operator base pay and benefits, and module nineteen describes the cost associated 
with supervisory labour. Of note is that only that portion of the supervisor's total cost that is 
attributable to the operation should be counted. This should be determined using the 
proportion of the supervisor's time actually spent giving advice etc. to the operators. All 
costs associated with operating labour are summed on an hourly basis in module twenty 
Modules twenty one through twenty five describe the costs associated with the 
workstation used in an operation. An example of these costing modules is provided in Table 
6 below. In module twenty-one, work space rental cost per hour is calculated using the 
market rental rate per unit area, per unit time for similar space (e.g. warehouse space). 
Module twenty-two describes costs associated with workstation cleaning, with modules 
twenty-three and twenty four describing workstation utility costs (e.g. light and heat). Each 
of these workstation costs are summed on an hourly basis to give total workstation cost per 
hour in module twenty five. 
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Table 6. Example of generic cost modules twenty-one through twenty-five, describing 
work space cost elements. 
Cost/ Cost/ 
Module ** Assume T = 2000 hrs T hr 
21 Work S[!ace Rental Given Worstation area (sguare footage) 100 
Market rent rate for similar 
Given worksEace ($/sg. ft./month) $2 
Calc Rental cost I ~ear $2,400 
Calc Rental cost I hr $ 1.20 
Work Space 
22 Cleaning Given Workstation cleaning cost IT $700 
Calc Workstation cleaninl;i cost/ hr $0.35 
Workstation Utilities 
23 1 Given Units of Uti lit~ I used IT 600 
Given Cost Eer unit of Utility 1 0.2 
Calc Cost of Uti lit~ I IT $120 
Calc Cost of Uti lit~ I I hr $0.06 
Workstation Utilities 
24 2 Given Units of Uti lit~ 2 used IT 200 
Given Cost Eer unit of Uti lit~ 2 $0 
Given Cost ofUtilit~ 2 IT $60 
Calc Cost of Uti lit~ 2 I hr $0.03 
Total Workstation 
25 Cost /hr Calc Workstation total cost I hr $1.64 
Next, modules twenty-six and twenty-seven describe costs associated with contracted 
services and supplier incentives. These are payments made to contractors and suppliers for 
services rendered and exceptional performance, respectively. An example of these cost 
modules is provided in Table 7. 
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Table 7. Example of generic cost modules twenty-six and twenty-seven, describing 
contract and supplier incentives cost elements. 
Cost/ Cost/ 
Module ** Assume T = 2000 hrs T hr 
Contracted 
26 Services Given Payment to Contractor I IT $60,000 
Given Payment to Contractor 2 I T $5,000 
Given Pa~ment to Contractor 3 I T $6,000 
Calc Cost of Contracted Services I hr $ 35.50 
27 Sueelier Incentives Given Incentives Eaid to SUEEiier 1 IT $5,000 
Given Incentives Eaid to SUEEiier 2 IT $2,000 
Given Incentives Eaid to SUEEiier 3 IT $3,000 
Total incentives paid to 
Calc SUEEiiers IT $10,000 
Cost of incentives paid to 
Calc suppliers I hr $ 5.00 
Modules twenty-eight through thirty-one describe the costs associated with materials 
used in an operation. In module twenty-eight, the cost of material waste and scrap is 
determined by multiplying the number of units of raw materials wasted in period T by the 
cost per unit of raw material. SimjJarly in module twenty-nine, the cost of raw material theft 
or degrade is calculated by multiplying the cost per unit of raw material by the number of 
units that are lost to theft or degrade in period T. In module thirty, the cost of joining 
materials (e.g. glue) is found by multiplying the number of units of joining materials used in 
period T by the cost per unit of joining materials. All materials costs are summed in module 
thirty-one to find the total materials cost of the operation. An example of modules twenty-
eight through thirty-one is provided in Table 8. 
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Table 8. Example of generic cost modules twenty-eight through thirty-one, 
describing the material cost element. 
**Assume T = 2000 hrs, 10,000 units of 
Module production Cost IT Cost I hr 
28 
29 
30 
31 
Material Waste 
and Scrap 
Raw materials 
theft or degrade 
Joining materials 
Raw material 
Given cost per unit 
Units of raw 
material waste 
$500 
Given and scrap IT 200 
Calc 
Calc 
Cost of raw 
material waste 
and scrap IT 
Cost per unit 
productin of raw 
material waste 
and scrap 
Units raw 
material lost to 
theft 
Given and degrade IT 
Cost of raw 
materials theft 
Calc and degrade I T 
10 
cost Given 
Units of joining 
materials used 
inT 17 
Total materials 
cost 
Cost per unit of 
joining 
Given materials 
Cost of joining 
Given materials IT 
Calc 
Calc 
Calc 
Cost of joining 
materials I unit 
produced 
Total materials 
cost IT 
Total materials 
cost I hr 
$ 15.00 
$100,000 
$5,000 
$255 
$ 105,255 
$ 52.63 
Cost/ 
unit 
$10 
$ 0.03 
Next, module thirty-two describes the interest cost of inventory. In this module, the 
given beginning and ending amounts of inventory on hand are used to determine the average 
inventory kept at the operation. Then, the cost per unit inventory is used to determine the 
average value of inventory on hand, and the interest cost of keeping the inventory is 
multiplied by the average inventory value to determine the cost of funds 'tied-up' in 
inventory. An example of module thirty-two is provided in Table 9. 
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Table 9. Example of generic cost module thirty-two, describing the inventory cost 
element. 
Cost/ Cost/ 
Module ** Assume T = 2000 hrs T hr 
Interest cost of Beginning units of inventory on 
32 Inventory Given hand 120 
Ending units of inventory on 
Given hand 80 
Given Average units inventor~ on hand 100 
Given Cost Eer unit of inventor~ $20 
Average value of inventory on 
Calc hand $2000 
Percentage interest on inventory 
Given cost 5% 
Cost of funds "tied up" in 
Calc inventory I hr $ 0.05 
In addition, Modules thirty-three and thirty four were created as a result of costing 
situations encountered during the data collection and analysis stages of this study. Module 
thirty-three describes the costs associated with liabilities previously incurred as a result of the 
operation being carried out. An example of this is the costs incurred by a woodlands group 
to re-grow trees cut down in previous years. As these are costs of continuing operations (if 
the operator does not pay, they may lose the right to continue operating), they are included in 
the overall cost of the operation. An example of module thirty-three is provided in Table 10 
below. 
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Table 10. Example of generic cost module thirty-three, describing the liabilities cost 
element. 
Module ** Assume T = 2000 hrs Cost/ T 
Cost/ 
hr 
33 
Payment on 
Liabilities 
incurred as a 
result of current 
or past 
Operations 
Payment on liabilities 
Given previously incurred IT 
Cost of liability previously 
10000 
Calc incurred I hour $ 5.00 
Module thirty-four describes costs associated with support systems to the operation. 
An example of this is in an OSB mill, waste wood volume is burned in a furnace system to 
generate heat. This heat is used for ambient heat in the mill, as well as process heat for 
certain operations such as drying and pressing. The total cost of the support system in period 
Tis first determined using the preceding modules (one through thirty-three), and then is 
allocated to operations in the manufacturing process by percentage of support system 
product or time used. An example of module thirty-four is provided in Table 11 below. 
Table 11. Example of generic cost module thirty-four, describing the support systems 
cost element. 
Module ** Assume T = 2000 hrs, 10,000 units of production Cost/T Cost I hr Cost/ unit 
34 Support S~stem Given Support S~stem Cost IT 800 
Calc Support S~stem Cost I hr 0.4 
Calc Support System Cost I unit 0.08 
Finally, modules thirty-five and thirty six show the overall cost of the operation and 
the transfer of operation cost to the material undergoing the operation. In module thirty-five, 
the actual units of production per hour are calculated by dividing the total production by the 
number of hours in period T. Then, the total cost of production per hour is calculated by 
summing the costs per hour of machine, fixture, labour, work space, contracted services, 
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supplier incentives, materials cost, cost of inventory and payment on liabilities and support 
systems. This total cost per hour is then divided by the units of production per hour to 
determine the total cost operation cost per unit of production. In module thirty-six, total 
operation cost is applied to the materials. This is accomplished by first determining the cost 
of materials undergoing the operation by multiplying the cost per unit of materials consumed 
by the operation by the number of units consumed. Then, this value is divided by the number 
of units of output to give the cost of raw materials per unit output. Finally, this cost is added 
to the operation cost per unit output calculated in module thirty five, to arrive at the total cost 
per unit output. Examples of modules thirty-five and thirty-six are provided in Table 12 
below. 
Table 12. Example of generic cost module thirtyjive and thirty-six, describing total 
operation cost of production and transfer of operation cost to material undergoing 
the operation . 
Cost/ Cost/ 
Module ** Assume T = 2000 hrs Cost/T hr unit 
Actual 
production 
(total operation 
35 cost) Given Units of 12roduction IT 10000 
Calc Units of 12roduction I hr 5 
Total cost of 
Calc 12roduction I hr $50.40 
Cost of production I 
Calc Unit $10.08 
Transfer of 
Operation Cost 
to Materials 
undergoing Consumption of 
36 0Eeration Given materials I T 200 
Given Cost 12er unit materials $100 
Calc Cost of materials IT $20,000 
Cost of materials I unit 
Calc out ut $2 
Calc Total cost I unit output $12.08 
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Input data for these cost modules is obtained from the finance department of the firm 
being studied. Most data can be obtained from the financial statements of the firm. 
However, some data items, such as operating hours available must be obtained through 
interviews with operational staff or review of purchase contracts for specific equipment. 
Further, space utilized by an operation can be determined through taking measurements or by 
using scale drawings or maps. 
Using this framework of cost modules, successive costing spreadsheets for each 
operation in a manufacturing process can be linked together in MS Excel such that the cost of 
the output of a given operation becomes the cost of input for the following operation in the 
manufacturing process. As such, the cost of the material passing through the production 
process would increases an amount equal to the cost contribution of each of the operations. 
3.3 Specifics ofthe Base Case Costing 
3.3.1 Operations included in the analysis 
Some operations and activities carried out by the subject mill and woodlands were 
omitted from this study. These were activities and associated costs deemed not directly 
attributable to the operations and that were not likely to vary with the introduction of 
mountain pine beetle fibre to the manufacturing process. A complete listing of the costs 
included in the analysis is provided in Appendix B. 
3.3.2 Grouping of Operations and the Observed Production Process 
To create the base case costing simulation for this study, some woodlands and mill 
operations that were identified as separate operations during the literature review stage of this 
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study were grouped together in the final (actual) process flow determined after the data 
collection phase. This necessity came about from the cost tracking practices of the subject 
woodlands and mill, as these organizations track costs by lumping some operations together. 
Operations grouped together in the analysis for this study are listed in Figure 16 below. For 
example, costs of contractor services for successive logging operations might not be tracked 
separately. In cases were operational costs could not be separated, operations were combined 
in the observed process determination and costing simulations. 
]', bl 13 0 a e lperatwns groupe d" b d d m costmg o serve pro uctwn process. 
Grouping Name O_perations in Grouping 
Bunching, skidding, processing, loading, 
Woodlands trucking 
Log Yard Log yard, scales 
In feed Ponds, debarking, stranding 
Drying Wet bins, drying 
The observed production process is shown in Figure 3. Green boxes in the figure 
indicate operations that were identified in the observed production process, with the green 
arrows indicating material flow. White boxes beside the woodlands, log yard, infeed and 
drying operations indicate operations that were identified in the literature review phase of the 
study, but that were found to be grouped together for costing purposes in the observed 
process. 
The roles of support systems are also displayed in Figure 4 (blue boxes), and include 
the heating, pollution control and fire protection systems. Black arrows associated with the 
heating and pollution control systems in Figure 3 indicate placement of system costs in the 
costing simulation scenarios, as does the large bracket associated with the fire control 
system. The apportionment of these costs is explained in detail in section 3.3.5 of this report. 
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Included Operations: 
Bunc hing 
Skidding 
Processing 
Loading 
Trucking 
Included Operations: 
Scales 
Log Yard 
Included Operations: 
Ponds 
Debarking 
Included Operations: 
Green bins 
Drying 
Woodlands 
Base Simulation: Apendix C 
Test Simulation: Appendix D 
Log Yard 
Base Simulation: Appendix E 
Test Simulation: Appendix F 
In feed 
Base Simulation: Appendix G 
Test Simulation: Appendix H 
Drying 
Base Simulation: Appendix I 
Test Simulation: Appendix J 
Screens 
Base Simulation: Appendix K 
Test Simulation: Appendix L 
Dry bins I Blending 
Base Simulation: Appendix M 
Test Simulation: Appendix N 
Forming 
Base Simulation: Appendix 0 
Test Simulation: Appendix P 
Press 
Base Simulation: Appendix Q 
Test Simulation: Appendix R 
Finishing 
Base Simulation: Appendix S 
Test Simulation: Appendix T 
Figure 4. The observed OSB manufacturing process. 
Support System: 
Heating 
Support System: 
Pollution Control 
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Also included in Figure 3 are the appendices to this report that show the detailed 
costing analysis carried out using simulation techniques in MS Excel. The base case 
simulation scenario was constructed using the costs of production associated with the use of a 
purely deciduous fibre supply. Using the generic cost modules described above, one costing 
spreadsheet was created for each operation in Figure 3, with cost flow through the simulation 
being achieved by linking the total cost per unit output in one operation's spreadsheet 
(module 34) to the cost per unit materials in the spreadsheet for the next operation in the 
manufacturing process. The spreadsheets for base case costing simulation are shown in 
appendices C, E, G, I, K, M, 0 , Q and S3. 
The test case costing simulation was created by copying the test case costing file into 
a new MS Excel workbook and updating certain cost fields to reflect the expected resource 
use effects of utilizing a mixture of 2: 1 deciduous to MPB fibre intake into the mill. Specific 
resource use adjustments included in the test case costing simulation are outlined in detail in 
section 4 of this report. The spreadsheets for the test case costing simulation are shown in 
appendices D, F, H, J, L, N, P, Rand T. 
3.3.3 Machine and Fixture Valuations 
The Operations Based Costing framework states that the change in market value of a 
machine or fixture is included in the overall cost of the operation. In the data collection 
phase of this study, machine and fixture valuations based on current market values were not 
available from the subject mill. Further, there were insufficient time resources to gather the 
market valuations from the suppliers of the large number of different machines in the mill. 
3 Appendices C through V will be held confidential and will only be available to members of the supervisory 
and examining committee from UNBC. 
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Therefore, in place of market valuations of machines and fixtures at the beginning and end of 
the period of interest (T), net book valuations based on straight-line depreciation were used 
as approximations of, and in place of, market valuations. 
3.3.4 Production Data 
In this study, production data for the woodlands (log deliveries), log yard (logs fed 
into the ponds), and finishing operations (volume of finished product), were obtained directly 
from the subject mill and woodlands. Production volumes for other individual operations 
within the subject mill (infeed operations, drying, screens, dry bins I blending, forming, 
press) were derived from these values using the assumed wood fibre content per cubic meter 
of OSB described in section 3.3.6 of this report. 
3.3.5 Cost Apportionments ofElectricity and Support Systems 
During the data collection phase of this study, operation specific or machine specific 
electricity consumption information was not easily attainable. While this information is 
believed to be on file at the subject mill, insufficient time was available in data collection to 
retrieve this data for the large number of machines involved in the production process (over 
one hundred machines). In place of this information, the total cost of electricity of the mill 
operations was apportioned to operations or groups of operations based on existing research 
on energy consumption in OSB production (KJine, 2004). Percentage apportionments of 
total electricity cost are shown in Table 14. 
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Table 14. Electricity resource apportionments 
% Electrical 
Cost 
Operation Apportionment 
Log Yard 12.75% 
In feed 12.75% 
Drying 14.75% 
Screens 14.75% 
Dry Bins 
/Blending 4.70% 
Forming 4.70% 
Press 4.70% 
Finishing 8.80% 
Heating System 6.70% 
Pollution Control 5.80% 
In addition to the apportionment of the electricity cost, three support systems' costs 
were apportioned to various operations or operations groupings within the manufacturing 
process. Costs associated with these systems were first arranged using the OBC 
methodology and cost modules described above, then apportioned to various operations 
within the manufacturing process. These support systems included the heat generation, 
pollution control and fire protection systems within the subject mill. Separate costing 
spreadsheets for these support systems were not included in this report to aid in simplicity of 
data reporting. Rather, the apportioned cost amounts are included in the costing spreadsheets 
shown in module 34 in appendices C through T for the operations to which support system 
costs were apportioned. 
To produce ambient and process heat in the subject mill, tree bark and waste wood 
are burned in the heat generation system. Process heat is used at the ponds, drying and press 
operations. While it was theoretically possible to determine the amount of heat used at each 
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of these operations (and this apportion heating costs accordingly) by performing detailed 
temperature measurements and calculations, insufficient time was available during data 
collection to facilitate this. In place of these detailed assessments, costs associated with the 
heating system were apportioned to various operations based on the findings of Kline (2004), 
with 10% of the heating costs being apportioned to ambient heat for the mill facility. 
The pollution control system in the subject mill removes particulate from effluent air 
and water vapour before it is released from the mill. As this effluent is primarily produced at 
the heat generation and pressing operations, costs associated with pollution control were 
apportioned to these operations. Since the researcher was unable to determine the amount of 
pollution removed from effluent of each of these operations, the costs of pollution control 
were apportioned evenly between them. Also, since the fire protection system in the subject 
mill covers the entire facility. Costs associated with this system were apportioned evenly to 
all mill operations. 
3.3.6 Fibre Utilization in the Manufacturing Process 
In forest products manufacturing, minimization of fibre lost as waste and scrap is key 
to minimizing the cost of the overall manufacturing process. During the data collection 
phase of this study, four main sources of fibre loss were identified. These are breakage 
during logging, breakage in the log yard, breakage in the ponds and debarker operations, and 
the production of fines at the stranding operation. 
In a typical OSB manufacturing plant, fibre recovery (the amount of fibre finally 
becoming part of finished product) is tracked by monitoring the ratio of the volume of raw 
logs consumed per volume of finished OSB produced. While this ratio does provide a good 
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indication of overall performance in fibre recovery, it provides no insight into the amounts of 
fibre being lost during various operations carried out within a plant. As this operation 
specific information was not available, estimates of fibre loss at key operations were 
necessary for the analysis in this study. 
Usual practice in mill infeed operations (log yard to ponds, debarker and strander) is 
to feed all volume in the Jog yard into the manufacturing process. As such, Jogs that are 
broken during log yard operations are still fed into the ponds operations. Additional logs 
may become broken in the ponds, with more still potentially being broken in the debarker 
operation. At the outfeed conveyor of the debarker operation, the operator has the 
opportunity to reject small, broken or otherwise unsatisfactory Jogs before the stranding 
operation through use of a special conveyor, with the remaining volume being passed on to 
the stranding operation. As such, breakage and defect from the preceding mill operations 
will be realized after the debarker operation. Thus, estimates of reject log volume for the 
analysis in this study were focused on this point in the manufacturing process. 
To arrive at an estimate of Jog reject volume, it was first necessary to make use of two 
wood utilization ratios from recent literature as assumptions in waste wood calculations. 
Starting with the volume of OSB actually produced by the subject mill in the period of 
interest, it was assumed that 420kg of dried aspen fibre is needed to produce one cubic meter 
of finished OSB (Meil et al. 2009). Using the specific gravity of dried aspen (400kg/m3), it 
was determined that 1.05m3 of aspen were needed per cubic meter of finished OSB. Using 
this ratio, the volume of usable strands produced from the stranding operation was estimated. 
Further, using the known log consumption of the subject mill in the period of interest and 
assuming eleven percent fines production at the stranding operation (Lam et al., 2008), an 
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estimated volume of reject wood after the debarking phase was calculated. Further 
refinement of this estimate was not possible, due to a lack of research on the amount of 
breakage to be expected from debarker machines of the type used in the subject mm. 
In the cost analysis carried out in this study, the costs associated with breakage during timber 
harvesting operations were captured in the cost of contracted services for timber harvesting. 
3.4 Specifics of the Test Case Costing 
With the base production model complete, production process variables that were 
likely to be impacted by the introduction of mountain pine beetle fibre were adjusted in the 
model to reflect the mountain pine beetle production case. These variables and associated 
resource use adjustments were identified and quantified through review of recent and 
relevant literature and interviews with experts from the participant companies and the 
industry in general, and are listed in Table 15 below. Of note is that any increase in costs 
associated with sorting logs in the log yard operations were omitted from the test case 
analysis, as it was determined that the sorting activities would not lead to increased cost for 
the subject mill. In addition, information gathered during data collection indicated that press 
temperatures would not increase in the test case. Thus no increase in heat resource use was 
included in the test case scenario. Also, any losses from increased log breakage in the mm 
operations through the introduction of MPB logs were omitted from the analysis due to lack 
of solid information on expected breakage amounts. Further, it was assumed that only grey 
stage MPB fibre would be diverted to the mm, as it is assumed the type of MPB fibre that 
would be most readily available. Last, log haul distance and stumpage cost were kept at 
actual amounts reported by the subject Woodlands between the base and test case scenarios. 
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Table 15. Resource use variables adjusted for the test case simulation 
Percentage of MPB pine fibre 
1. in furnish 
MPB Fines Production at 
2. strander 
3. Resin Cost 
4. Stranding Knife Cost 
5. Average Jog cost 
Increase in operating hours at 
Log yard, Infeed, dryers, 
6. screens 
MPB Log Haul Conversion 
7. Ratio (cubic meters per ton) 
Resource use adjustments were calculated for a specific ratio of raw MPB fibre to raw 
deciduous fibre used in the production process. This ratio was chosen with operational 
factors of the subject mj)J taken into consideration, as well as and the findings of Feng and 
He (2007), who found that a maximum of 50% MPB fibre could currently be used for 
manufacture of OSB of acceptable strength characteristics. 
For the test case scenario, after resource use adjustments were made to the production 
model, the resulting cost of finished product was compared to the cost of product 
manufactured with deciduous fibre only (base case), to find a percentage cost impact of using 
a mixture of deciduous and mountain pine beetle fibre instead of a purely deciduous fibre 
supply. 
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Chapter 4 
Results 
Table 16 below shows the impacts of the resource use adjustments on operational 
costs and the overall change in product cost between the base and test cases. 
Table 16. Expected cost impacts of using MPB/deciduous mixed fibre supply 
over pure deciduous fibre supply 
Production Variable MPB Scenario 
Percentage of MPB pine fibre in 
furnish 28.8% 
MPB Fines Production at strander 28.0% 
Resin Cost increase 13.0% 
Stranding Knife Cost increase 50.0% 
Increase in operating hours at Log 
yard, Infeed, dryers, screens 6.8% 
MPB Log Haul Conversion Ratio 1.81 
Increase in Average Log Cost 4.6% 
Percentage increase in cost of 
finished OSB 3.6% 
4.1 Productivity Leading up to Drv Bins 
Using an expected 28 percent fines production at the stranding operation (Lam et al. 
2008), MPB fibre is expected to make up 28.8 percent of the fibre ultimately used in the final 
product. However, given the increased losses to fines at the stranding operation between the 
base and test cases, a 6.8 percent increase in operating hours will be needed at the mill 
operations leading up to the dry bins stage of the manufacturing process. In the data 
collection phase, it was determined that the production of the operations before and after the 
dry bins can run somewhat separately, as a buffer volume of flakes is kept in the dry bins. 
While the losses in productivity due to increased fines from MPB fibre will reduce 
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productivity leading up to the dry bins, dry flake production is not expected to decrease to the 
point where operations after the dry bins are starved of furnish. Further, it was determined 
that the subject mill did have enough excess capacity in the operations leading up to the dry 
bins operation to work the additional hours required. This increase in operating hours, 
however, will require increased utilization of electricity and operating labour resources. 
These costs were captured in the test case analysis. 
4.2 Description and Results of Operations Costing Exercises 
Table 17 shows a ranking of operations by unit cost of production in the base and test 
cases, and the percentage change in unit cost of production from each operation between the 
base and test cases. 
Table 17. Change in operations cost per unit output between base and test 
simulations 
Operation or Change in cost per unit 
Operations output between Base and 
Grouping Test Cases 
Woodlands 4.6% 
Log yard -6.1% 
In feed -2.5% 
Drying -6.0% 
Screens 41.6% 
Dry bins I 
Blending 9.0% 
Forming 0.0% 
Press 0.0% 
Finishing 0.0% 
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This section will describe in detail the costing of each operation identified in the OSB 
manufacturing process, the changes introduced to the operation costing calculations between 
the base and test cases, and the resulting impacts on cost per cubic meter of output of each 
operation. 
4.2. 1 Woodlands 
Using the thirty six costing modules described in section 3.2 of this report, a costing 
spreadsheet for the woodlands grouping of operations was built for the base case in the 
costing analysis. 
The base case woodlands costing spreadsheet describes costs associated with the 
delivery of deciduous fibre to the subject mill, and is included in Appendix C. Modules were 
included in the spreadsheet to reflect actual resources consumed during the operations. First, 
module 1 was included to provide the time period for the analysis. In this case, the time 
period selected was one year of operations, with this time period being held constant 
throughout analysis carried out in this study. 
Next, module 26 was included to capture costs of contracted services for timber 
harvesting operations, including bunching, skidding, processing, loading and trucking. In the 
case of the trucking operation, more data was available than is demanded by the generic 
costing modules. Specifically, average cycle time, cost per ton-hour and conversion ratio 
(m3/ton) was available from the subject woodlands in addition to the total payments made to 
trucking contractors. This additional information was included in the costing spreadsheet to 
allow comparison of the factors leading up to total trucking cost between base and test cases 
in the analysis . 
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In addition, modules 13, 14 and 15 (fixture cost, fixture maintenance and total fixture 
cost) were included to capture the costs associated with building and maintaining forest roads 
to facilitate timber harvesting and trucking operations. Module 13 describes the costs 
incurred to build roads, while maintenance costs described in module 14 include costs such 
as gravelling, grading and maintenance of stream crossing structures. In module 15, the costs 
from modules 13 and 14 are summed to give total fixture cost. 
Following fixture costs, module 27 was included to describe the costs associated with 
incentive payments to suppliers of timber resources. These costs are incurred to give 
incentive to suppliers to allow the subject woodlands access to the timber resources. 
Payments on liabilities incurred as a result of current or past operations were next 
included under module 33. These liabilities included stumpage payable to the government, 
costs associated with silviculture (forest regeneration) activities, and payments made for 
outright purchase of timber. 
Lastly, module 35 was included to calculate actual total cost of production from the 
woodlands operations. Materials consumption less waste and scrap was first included to 
show the amount of timber volume delivered. Total cost of the operation grouping was 
divided by the total cubic meters produced to find the cost per unit of the operations grouping 
(log cost per cubic meter). 
Appendix D shows the test case woodlands costing spreadsheet. For this costing, the 
base case woodlands costing spreadsheet was copied and updated so that the overall 
calculations would reflect resources consumed in delivering both deciduous and pine 
resources. As such, the test case spreadsheet was built with two separate sections, each 
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having the same modules and costs included in the base case costing. The first part of the 
test case woodlands costing spreadsheet is a mirror image of the base case spreadsheet, set up 
to capture woodlands costs for deciduous fibre. The second part of the test case spreadsheet, 
however, was updated with costs associated with pine fibre. Also, a column was added to 
denote the proportion of cost associated with each module that would contribute to overall 
cost of the operation in the test case based on the proportions of deciduous and pine volume 
delivered. Costs per cubic meter were subtotalled for each fibre type in module 35, with 
these subtotals being combined at the bottom of the spreadsheet to find the weighted average 
log cost for the test case. 
There are a few notable and key differences between the costs of deciduous and pine 
fibre. First, stumpage payments were found to be 11.3 times greater for pine fibre than for 
deciduous fibre. Also, silviculture costs were found to be 3.1 times greater for pine fibre 
than for deciduous fibre, and incentives paid to suppliers for pine fibre were 8.9 times greater 
than those payments for deciduous fibre. These increases, however, were offset by an 
expected savings in trucking operations brought about by a significant increase in conversion 
ratio from deciduous to pine fibre, due to low moisture content of MPB wood. Overall, the 
average Jog cost increased 4.6 percent between the base and test cases. 
4.2.2 Log Yard 
Similar to the woodlands operations, the first module in the base case costing 
spreadsheet for the log yard operations is module 1 for time period. For the log yard 
operation, and all subsequent mill operations, the time period was entered in two parts. First, 
available operating hours were entered to provide a denominator for calculating costs on a 
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per hour basis. An entry of the actual hours operated was also included, to provide a basis 
for converting hourly labour and machine utilities consumption into total costs per timeT. 
Next, modules 2 and 4 were included to note the value of machines used in log yard 
operations at the beginning and end of timeT respectively. Machinery observed in log yard 
operations included cranes for moving logs in the log yard, scales for weighing loads of logs 
and a hoist for moving empty log trailers. The values noted in modules 2 and 4 were used to 
calculate the loss in value of machinery in the operation over the time period. Also, module 
2 was included to note the cost of interest paid on the cost of the machinery over the time 
period, with module 5 providing summation of the costs of machine interest and loss of 
value. Further, module 6 describes the utilities used by machinery in the log yard 
(electricity), by multiplying the electricity consumption per hour by the cost per unit of 
electricity and the number of hours operated to find total utility cost per timeT. This cost 
was then divided by the total available hours to find the cost per hour. 
In addition, machine maintenance costs per timeT are described by the inclusion of 
module 7, with the total costs associated with machinery in the log yard being summed on a 
per hour basis and per unit output basis in module 8. 
Fixtures observed in log yard operations included roads from the access road to the 
scales and through the log yard, a holding device used for maintenance of the log cranes, and 
a safety device for protecting log truck drivers from falling logs after safety straps have been 
removed from their loads. To describe and analyse the costs of these fixtures in the base 
case, modules 10 and I 2 were used to record the values of these fixtures at the beginning and 
end of timeT, which were then used to find their change in value. Also, module 11 was used 
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to record the interest paid on the value of fixtures, and modules 13 and 15 were used to 
calculate the total fixture cost in the base case on a per timeT, per hour, and per unit output 
basis. 
Operating labour in the log yard operation was recorded using modules 18 and 19 for 
direct operating labour and supervisor cost respectively. Operators included those needed for 
the truck scales and log cranes. Module 20 provides summation of the operator costs on a 
per timeT, per hour and per unit output basis. 
The cost of work space for the log yard operations included costs of space for the 
roads to and through the log yard, space for scales, and space for the log unloading and 
storage areas. These costs were calculated on a cost per hour and cost per unit output basis 
by using modules 21 and 25. In module 21, the combined square footage of the work areas 
was multiplied by a market rental rate per month for simjlar space to find a cost per year. 
This cost was then used to find the cost per hour and cost per unit output of log yard work 
space. 
Next, module 26 was used to capture the cost of contracted services in log yard 
operations. The total payments to contractors in timeT was divided by the number of 
available operating hours to calculate the cost of contracted services per hour. Further, as an 
inventory of logs in regularly kept outside the mill facility, the interest cost of log inventory 
was calculated using module 32. To arrive at the interest cost per hour of the log inventory, 
the average log inventory volume during timeT was first multiplied by the appropriate 
interest rate, with the resulting value being divided by the available operating hours. The 
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cost per unit output was then calculated by dividing the cost per hour by the units of output 
per hour in timeT. 
In addition, one support system was identified to be in use in the log yard operations 
(fire protection). This cost per timeT (see section 3.3.5) was divided by the available 
operating hours to find its cost per hour by using module 34. 
Finally, modules 35 and 36 were used to find the total operation cost on a per hour 
and per unit output basis, and to transfer the cost of the log yard operation to the logs being 
moved from log trucks through the log yard and into the mill infeed. 
In the test case log yard costing spreadsheet (appendix F), a number of inputs were 
updated to reflect the operating conditions expected when using a mixture ofMPB pine 
volume and deciduous volume. First, the number of hours actually operated (in module 1) 
was increased to reflect the requirements described in figure 8. This increase lead to a 
subsequent increase in the cost of electricity consumed by log yard machinery and the cost of 
log yard operating labour. Further, the interest cost of log inventories also increased between 
the base and test cases, due to an increase in the value of the log inventory stemming from 
the increase in log cost described above. These increased costs, however, were not reflected 
in the cost per unit output in the test case, with this value decreasing 6.1 percent between the 
base and test cases (see figure 9). This decrease is rooted in the capital-intensive nature of 
log yard operations. Since the change in value of machinery and fixtures and the cost of 
work space was held constant between the base and test cases, and since these costs represent 
a large proportion of overall operation cost, the interaction these costs and the increase in 
output between the base and test cases lead to the overall decrease in per unit cost observed. 
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4.2.3 In[eed 
In the mill infeed operations grouping, logs from the log yard are first placed in 
conditioning ponds for several hours, where they thaw and gain some moisture content. 
Once through the ponds operation, logs travel up a jack ladder to the debarking operation 
where bark is removed. With bark removed, logs travel down a series of conveyors to the 
stranding operation, where they are cut into strands. Wood strands, and fines material are 
then transported via conveyor to the drying operation. 
In constructing the base case costing spreadsheet for the infeed grouping of 
operations, modules I through 8 were used to record and calculate the costs of machinery in 
the same fashion as described for the log yard operation. Operating hours available and 
hours actually operated were recorded as the same values as in the log yard operations. 
However, for the infeed operations, a heating utility was found to be used by the machinery 
in addition to electricity. This heat is produced by on-site wood burners, and is used in the 
infeed to heat the water in the conditioning ponds. The cost of this utility was included in the 
calculation of the cost of machine utilities carried out using module 6 for the infeed 
operations. Further, the cost of replacement stranding knives was included in the machine 
maintenance calculations in module 7. 
Fixtures found in use at the infeed operations included ducting for transfers of heat to 
the ponds operation, metal walkways for personnel and wall plating at the beginning of the 
ponds operation. Fixture costs for the infeed operations were recorded and calculated using 
modules 10 through 15, as in the log yard operations. 
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Direct operating labour at the infeed operations consisted of a crew of operators that 
would share time between the ponds, debarking and stranding operations. These operators 
are responsible for regular operation of machinery, as well as responding to any log tangles 
or other problems that may arise. The costs of operating labour, including supervisory 
support, were calculated for the base case using modules 18, 19 and 20, as with the log yard 
operations. 
Combined work space square footage for the infeed operations was found using a 
scale drawing of the mill facility. As with the log yard operations, module 21 was used, 
along with a market rental rate for similar work space, to find the cost per hour of work space 
rental. For the infeed operations, however, modules 22 and 23 were included in the base case 
costing spreadsheet to account for the costs of work space cleaning and workstation utilities. 
In module 22, the total cost of workstation cleaning in period Twas divided by the available 
operating hours to find the cleaning cost per hour. Similarly, the cost per hour of the ambient 
heat utility consumed by the work space was calculated by dividing the ambient heat cost in 
period T by the available operating hours. Module 25, then, provided the total cost per hour 
and per unit output of work space for the infeed operations. 
Next, the cost of contracted services was captured using module 26, with the costs of 
materials waste and scrap being recorded using module 28. In the infeed operations, as 
described in section 3.3.6 of this report, logs become damaged due to breakage in the ponds 
and debarking operations. As well, some broken logs may be passed on from the log yard to 
the infeed operations. Many of these damaged logs will be removed from the manufacturing 
process after the debarking stage, but before the stranding stage. The cost of this material 
waste and scrap per hour and per unit output was calculated by first multiplying the cost of 
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raw materials at the infeed (cost of output of the log yard) by the estimated amount of 
rejected wood fibre. This value was then divided by the available operating hours to find the 
cost per hour. The cost per hour was then divided by the output per hour to find the cost of 
reject logs per unit output. 
The last resource included in the base case costing for the infeed operations was the 
cost of the fire suppression system. This was included using module 34, as this is a support 
system cost. 
Finally, the total base case operation cost of production was calculated for the infeed 
using module 35. In module 35, the actual units of production were determined using the 
calculations described in section 3.3.6 of this report. This volume was divided by the number 
of available operating hours to arrive at the units of production per hour. Further, total cost 
of production per hour was calculated by summing the total costs per hour from each of the 
preceding modules in the spreadsheet, with the total operation cost of production per unit 
being determined by dividing the total cost per hour by the units of production per hour. 
In module 36, the operation cost of the infeed was applied to the wood fibre traveling 
through the operations grouping by first multiplying the cost of material inputs (output cost 
from the log yard) by the amount of logs consumed by the infeed less the amount of waste 
and scrap. This value, divided by the units of output from the infeed operations, gives the 
materials cost per unit output. The summation of the cost of materials and the cost of the 
operation per unit output, then gives the total cost per unit output of the infeed operations at 
the bottom of the spreadsheet. 
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To build the infeed costing spreadsheet (Appendix H) for the test case in this report, 
an updated copy of the base case costing spreadsheet was created. In the test case scenario, 
as in the log yard operations, the number of hours actually operated were updated to reflect 
the results reported in figure 8. This increase lead to increases in total machine electricity 
cost, as well as operating labour. However, the cost of the heat utility for the ponds operation 
was kept constant between the base and test cases. As this utility is produced in-house on a 
constant basis, the increased operation of the ponds machines will not increase the cost of 
heating the water. 
The next resource consumption variable that was updated between the base and test 
cases for infeed operations was the cost of stranding knives in the machine maintenance 
module 7. This cost was increased by 50% to reflect the increased wear on stranding knives 
expected when using MPB fibre in the manufacturing process, and was calculated using the 
expected increase in knife wear reported by Maloney (1981), and the actual base case cost of 
stranding knives. In addition to increased knife cost, the frequency of knife changes is also 
expected to increase, as knife replacements require the shutdown of machines for a short 
period of time. This, however, is not expected to increase the labour requirements of the 
stranding operation. 
Another resource consumption variable that was updated between the base and test 
cases was the amount of waste and scrap after the debarker operation. While the proportion 
of logs going to waste was kept constant, the total volume of logs going to waste was 
increased due to the increase in total logs processed through the operation in the test case. 
This, however, was partially offset by the decreased cost per unit input of the infeed 
operations between the base and test cases. Lastly, the units of overall production was 
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increased for the test case to reflect the increased volume of production needed to offset the 
expected losses to fines material at the stranding operation (realized at the screens operation). 
Overall, the total cost of the infeed operations decreased 2.5 percent between the base 
and test cases (Table 16). This decrease is due to the cost of decrease in value of machinery 
and fixtures, and the cost of work space being held constant between the base and test cases, 
interacting with the increase in production volume from the infeed. 
4.2.4 Drving 
After wood volume is processed through the stranding operation, it travels down a 
series of conveyor belts to the green bins. The function of the green bins is to hold wood 
material before it enters the drying machines, to facilitate an even stream of wood fibre 
infeed into the drying machines. Wood is passed over a scale before it enters the drying 
machine, to measure moisture content. After wood is dried, it is moved to the screens 
operation via conveyor belts. 
The base case costing spreadsheet (Appendix I) for the drying operation closely 
resembles that of the infeed operation. Machine costs were recorded and calculated using 
modules 1 through 8, with module 6 including electricity and process heat as utility resources 
being consumed by the machinery. Machines included in the operation were conveyor belts 
from the stranding operation, conveyors inside the green bins, weigh scale, drying machines 
and conveyors to the screens operation. 
Also similar to the infeed operations, fixtures costs for the drying operations were 
recorded and calculated using modules 10 through 15. Fixtures included in the analysis were 
the green bins. 
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Operating labour for the drying operation sits in a control room some distance from 
the machines. They monitor the operation from the control room, but regularly must visit the 
machines. Direct operating labour cost, along with supervisor cost, were captured for the 
drying operation using modules 18 through 20. 
Work space costs were captured using modules 21 though 25, with work station 
heating cost of ambient heat being captured as a work space utility in module 23, as well as 
work station cleaning cost being captured in module 22. Also, contracted services were 
captured using module 26, as well as the fire protection support system using module 34. 
Finally, in module 35, total cost of production on a per hour basis and a per unit basis 
were calculated using the same process as was used for the infeed operations. The units of 
production input into the analysis reflect the volume being produced from the infeed 
operations. Further, in module 36, the final costs per unit output and cost of materials per 
unit output are calculated using the output cost from the infeed operations and the total 
materials consumption less waste and scrap. This volume matches the output of the infeed 
operations, as there was no waste observed at the drying operations. 
In the test case scenario for the drying operation (Appendix J), the number of hours 
operated was updated just as it was for the log yard and infeed operations. Again, just it was 
in the log yard and infeed, this increased the total cost of electricity and operating labour as 
these costs accumulate on a per unit utilization basis. However, just as in the infeed 
operations, the process (machine) heat cost was kept static between the base and test cases. 
As all other costs were kept constant, including work space, change in machinery value and 
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change in fixture value, the increased level of output in the test case lead to a decrease in the 
cost per unit output of 6 percent. 
4.2.5 Screens 
In the screening operation, dried wood flakes and fines material is passed through a 
series of metal grates to separate the larger (desirable) pieces from fines material. Wood is 
passed to the operation from the drying operation on conveyor belts. After fines are 
separated from larger flakes, they are moved to the heating system burners on conveyor belts, 
with usable flakes being passed on to the dry bins on other conveyor belts. 
In building the base case costing spreadsheet for the screens (Appendix K), modules 1 
through 8 were again used. As there is no process heat consumed in the screens operation, 
electricity was the only machine utility included in the analysis for the screens operation. 
Work space costs were calculated for the screens operation in the same fashion as the 
preceding mill operations, using modules 21 through 25. 
Next, the cost of wood losses due to fines material was captured using module 28. 
The volume of waste was determined using the calculations outlined in section 3.3.6 of this 
report. This volume, as well as the cost per unit input (output cost from drying operation) 
was used to calculate the cost per hour and cost per unit output of material waste. It is 
important to note that while this waste is produced at the stranding operation, the associated 
cost is not realized in the analysis until the screens operation so that the fines volume 
accumulates cost associated with the drying operation in the analysis. If the cost of fines 
were included in the infeed costing spreadsheets, its cost would be underestimated by the 
amount of the cost of the drying operation. 
68 
Further, the cost of the fire suppression (support) system was captured using module 
34, and modules 35 and 36 were used to determine the overall operation cost and total cost of 
output from the screens in the same fashion described in the preceding operations. 
Of note for the screens operation is that there was no operating labour reported by the 
subject mill, and no operating labour was observed during data collection. 
In the test case costing for the screens operation (Appendix L) the hours operated 
were updated to reflect the needed increase in operating time when processing MPB fibre, 
just as was done for the preceding mill operations. Again, as in the preceding mill 
operations, this increase in operating time lead to increased use of process electricity and 
increase in associated machine utility cost. Further, the amount of waste volume realized at 
the screens operation was updated in the test case spreadsheet to reflect the expected increase 
in fines production at the strander when using MPB pine noted in figure 8. As a result, the 
cost of wasted material in the test case is much larger than that of the base case for the 
screens operation. This increased cost lead to an overall cost increase of the screens 
operation of 41.6 percent as noted in figure 9. 
4.2.6 Drv Bins I Blending 
In the dry bins and blending operations grouping, usable wood flakes are received 
from the screens operation on a conveyor belt and deposited in the dry bins. Wood is held 
for a period of time before being fed in a controlled manner into the blenders via conveyor. 
Inside the blenders, specialized devices spray resin and wax onto the flakes as they are 
tumbled in the blender. Once coated, the flakes are transferred to the forming machines on 
conveyor belts. 
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For the base case analysis, machine cost in the dry bins I blending operation was 
captured using modules 1 through 8. No process heat is utilized in this operations grouping, 
so the only machine utility included was electricity. Also, fixture costs were captured using 
modules 10 through 15. Machines included in the analysis were the conveyor belts to, from 
and within the operations grouping, blenders, and resin/wax pumps and sprayers. Fixtures 
included the dry bins, resin and wax tanks and piping. 
Operators for the dry bins I blending operations grouping typically monitor the 
operations from a control room. This cost, as well as supervisory cost, was captured using 
modules 18 through 20, simjlar to the preceding mill operations. 
Next, the cost of joining materials was captured in the analysis using module 30. 
This cost is the purchase cost of resin and wax applied to the flakes in the blender. To arrive 
at the cost of joining materials per hour, the actual amounts of resin and wax utilization were 
first obtained from the subject mill. Then, these values were multiplied by the cost per unit 
of resin and wax, respectively, to arrive at their costs per time period T. This then allowed a 
summation of the joining materials cost in that time period which facilitated the calculation 
of the cost per available operating hour and per unit of output. 
Work space cost for the dry bins I blending operations grouping was determjned 
using modules 21 through 25, in the same fashion as described for the preceding mm 
operations. Further, the fire suppression support system cost was captured using module 34, 
and the total operation cost and total cost per unit output were determined using modules 35 
and 36. 
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In the test case costing scenario for the dry bins I blending operations grouping 
(Appendix M), the same costing frame work and modules combination was used as the base 
case (this is true for all operations). In the dry bins I blending operation test case, operating 
hours remained constant between the base and test cases, as it was determined that extra 
operating hours would only be needed in the operations preceding the dry bins (figure 8). As 
such the only resource variables that were updated between the base and test cases for this 
operation were the amounts of resin used in the blending operation (13 percent increase in 
cost), as well as the cost per unit materials entering the operation. The increase in 
consumption of resin was estimated using the resin requirements found by Feng and He 
(2007) when using MPBideciduous mixtures for OSB. 
Since there was no materials waste noted at this operation, the increased cost per unit 
materials in module 36 did not impact the operations cost per unit in the test case. There 
was, however, an overall increase in the operations cost per unit of 9.0 percent found 
between the base and test cases. This is attributed to the increased consumption of joining 
materials needed to effectively manufacture OSB using MPB fibre. 
4.2. 7 Forming 
The forming line in the subject mill takes resin-coated flakes from the blending 
operation and orients them on a conveyor belt to make a mat ready for the press operation. 
Flakes arrive at the forming machines on a series of conveyor belts from the blending 
operation. There are multiple forming machines, each set to orient flakes in opposite 
directions when they are deposited on the flake mat. The mat is then trimmed and scanned 
before it is sent to the press operation. 
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The machine costs for the base case scenario for the forming operation (Appendix 0) 
was again set up using modules 1 though 8. Machines included conveyor belts to and from 
the operation, forming machines, trim saws and reject conveyors. The sole machine utility 
consumed at this operation is electricity (module 6). 
Fixture costs for the forming operation were captured using modules 10 through 15. 
Fixtures included air ducts, safety guarding and piping. Further, operating labour for the 
forming line typically monitors the operation from a control room. The cost of operating 
labour, as well as the associated supervisory cost, was captured using modules 18 through 20. 
In addition, the cost of work space (space for machinery and operators) was captured using 
modules 21 through 25. Lastly, the cost of the fire suppression support system was captured 
using module 34. 
Finally, as was completed for the preceding operations, the total operation cost was 
calculated using module 35, and the total cost of output per unit was calculated using module 
36. 
For the test case costing of the forming line (Appendix P), the same costing modules 
were used as in the base case. Since there were no changes to resources used in this 
operation as a result of shifting to a mixture of MPB fibre and deciduous fibre from a purely 
deciduous fibre supply, the test case costing closely resembles the base case costing for this 
operation. As such, there was no change in the total operation cost per unit of this operation 
between the base and test cases. The only difference is in the costing scenarios is the cost per 
unit of materials used in module 36 (output cost from dry bins I blending operation). This 
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increase lead to an increase in the overall cost of output of the operation between the base 
and test cases. 
4.2.8 Press 
The base case costing scenario for the press operation (Appendix Q) was constructed 
using the same costing modules as were used to create the forming cost spreadsheets. 
However, machine utilities in the pressing operation included a process heat utility that was 
not included in the forming operation. This utility is used to provide heat to the metal plates 
that contact the mat of flakes to activate the resin and bond the wood flakes together. This 
utility consumption and associated cost was captured using module 6 in the base case costing 
spreadsheet for the press operation. Machines included the press machine, loading and 
unloading mechanisms and hydraulic systems. 
Fixture costs were captured using modules 10 through 15. Fixtures included safety 
guarding and catwalks, ducting and special wall coverings to contain and reflect excess heat. 
In addition, operator costs were captured using modules 18 through 20. Simjlar to the 
formjng operation, press operators monitor the system from a control room. 
Work space cost was captured using modules 21 through 25. This included space for 
the press, press loading and unloading, hydraulic systems, and a portion of the control room. 
It was necessary to split the control room space between the forming and press operations, as 
operators for both operations use the same control room. 
Support systems for the press operation included fire protection and pollution control. 
These costs were captured using module 34, with the total operation cost and total cost per 
unit output being calculated using modules 35 and 36 respectively. 
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Just as was the case with the forming operation, the use of resources at the press 
operation was not affected by the shift to the test case scenario. As such the only difference 
between the base and test case (Appendix R) costing spreadsheets for this operation was the 
cost of material inputs, which lead to an increase in the cost per unit of output between the 
base and test cases. There was no change in the operations cost per unit. 
4.2.9 Finishing 
In the finishing operation, pressed sections of OSB are rolled over a series of saws 
that cut the product to size. Pieces of OSB are stacked, edge painted and wrapped, and labels 
are affixed for product identification. 
Appendix S shows the base case costing scenario for the finishing operation. 
Machines used in this operation include motorized roller systems, stackers and painting 
machines. As in all other mill operations, these costs were captured using modules 1 through 
8. Also, fixture costs in the fini shing operation included those of safety guarding. These 
costs were captured using modules 10 through 15. Also, employees on the finishing line are 
used to operate the painting machines and affix labels. The associated labour costs were 
captured using modules 18 though 20, with the cost of work space for all machines and 
fixtures being captured using modules 21 through 25. 
A joining materials cost was identified in the finishing operation. This cost comes 
from the consumption of paint, labels and wrapping material for the finished product. These 
costs were captured using module 30. In addition, the cost of the fire protection support 
system was captured using module 34. 
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As in all operations, modules 35 and 36 provided the platform on which to calculate 
the total operation cost per unit and the total cost per unit output. The cost per unit output for 
this operation is the final output cost of the analysis carried out in this study. 
Appendix T shows the test case costing scenario for the finishing operation. As was 
the case in the forming and press operations, resources used in the finishing operation did not 
change between the base and test case scenarios. As such, there was no change in the 
operation cost per unit output between the base and test cases, and only a change in the final 
product cost equal to the difference in material input costs between the base and test cases. 
4.3 Total Cost and Cost Contributions 
The total operation costs per unit for each operation are summarized in Appendix U, 
as well as the operation cost per unit by resource category. From this it is clear that the 
largest costs in OSB manufacturing are machinery, work space and materials waste and 
scrap, followed closely by the cost of joining materials. Next, the cost of contracted services 
(primarily in woodlands) is the next largest resource category in terms of cost. Also of note 
is that the operation cost of joining materials surpassed that of work space when moving 
from the base to test cases in the analysis carried out in this study. 
Given the changes in resource costs described in the above sections, the analysis carried 
out in this study shows that the manufacture of OSB using a mixture of MPB and deciduous 
fibre will require an overall cost of production 3.6 percent greater than if a pure deciduous 
fibre supply were used. 
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Chapter 5 
Discussion 
Overall, the results of the analysis carried out in this study show a significant increase 
in operational cost when a mixture of mountain pine beetle fibre and deciduous fibre is used 
in the manufacture of OSB, over those costs realized using a pure deciduous fibre supply. 
There are several items that must be taken into account when determining the implications of 
these findings . 
5.1 Cost System Choice 
In interpreting the results of this study, it should be recognized that results different to 
those reported above would likely be obtained if a traditional or ABC costing framework 
were used in the analysis instead of OBC. 
This study could have used traditional costing or ABC to estimate the final cost of 
OSB production using the tested mixture of MPB pine and deciduous fibre. However, if one 
of these techniques were used, insufficient detail would have been collected to effectively 
determjne the actual 'shop floor' causes of the increases in cost, or to use the results of this 
study to suggest further improvements to the manufacturing process that would ameliorate 
the sources of increased cost. It was important in this study to as accurately as possible find 
the costs associated with carrying out each of the operations in the process, because the use 
of MPB fibre in the OSB manufacturing process has different and specific impacts on the 
different operations in the process. The use of the OBC framework to break out the different 
costs associated with each operation allowed the specific cost contributions of each resource 
type in each operation to be known in the base case. This then facilitated the simulation of 
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production costs using the MPB fibre I deciduous mixture that more accurately depicts the 
costs that would actually be incurred if this fibre mixture was used in the subject mill than 
would a simulation built using traditional costing or ABC. For example, if traditional costing 
were used in this study, the costs of wood fibre in the manufacturing process would have 
been understated. Using the OBC framework, the analysis in this study captures the costs of 
materials that are processed part way through the manufacturing process before being 
wasted. This cost of wasted processing would not have been captured using traditional 
costing. 
5.2 Uncertainty in the Operational Cost Analysis 
5.2.1 Resource Apportionments 
While sound methods were used to apportion the costs of waste wood generation, 
heat use and electricity use in the mill facility, further study to determine the actual amounts 
of these variables associated with specific operations in the subject mill will work to refine 
the results of this study. As the level of consumption of all of these resources was expected 
to vary with the introduction of MPB fibre into the manufacturing process, some error has 
likely been introduced into the analysis through error in resource use estimation at the 
various mill operations. 
5.2.2 Log Breakage 
As described in the preceding sections, the amount of log breakage in the log yard, 
ponds and debarking operations estimated for the base case was maintained at the same level 
for the test case in this study. Log breakage was not included in the suite of resource use 
variables adjusted for the test case due to a lack of understanding breakage frequency of 
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MPB logs when run though a debarker of the type used at the subject mill. However, since 
grey stage MPB logs are dry, cracked and brittle, an increase in breakage frequency over that 
of deciduous logs would seem likely. This increase in breakage, if it were to occur, would 
further increase the cost of OSB production using a mixed MPB/deciduous fibre supply by 
increasing the cost of wasted and scrapped material at the Jog yard/ponds/debarker 
operations. Further, as these broken logs would utilize valuable capacity in these operations, 
increased breakage frequency would lead to a further increase in operating hours required to 
meet required production volume. This would further increase costs due to increased 
consumption of operating resources. 
5.2.3 Resource Use Adjustments for the Test Case 
Resource use adjustments included in the test case were either taken directly from, or 
derived from existing research on the impacts of MPB or dead pine fibre on the various 
operations in the OSB manufacturing process. While these represent best estimates of 
impacts that would be realized at the subject mj)], certain mill production parameters may 
affect the impacts actually realized. First, the speed at which stranding knives cut against 
Jogs in the stranding operation will affect the amount of fines material produced. If the mill's 
stranding operation utilizes stranding speeds greater than those investigated in the research, 
more fines material will likely be produced than was reported in the research and used in the 
test case of this study. This would have the effect of further increasing the overall production 
cost of the test case. Second, it was noted during data collection that the strander counter 
knife angle used in the subject mill differed slightly from that used in the research which 
provided the strander fines volume production used in the base case analysis. As such, the 
amount of fines actually produced at the stranding operation in the subject mill may differ 
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slightly from the value used in the analysis. This would impact the results of the study by 
changing the overall operational cost of the base case, thus changing the percentage cost 
impact of the test case scenario. Third, the stranding knife cost increase used in the test case 
was based on research carried out in the early 1980's. Advances in stranding knife 
technology may have prolonged the useful life of the knives since that study was carried out. 
If so, this would have the effect of decreasing the overall production cost of the test case. 
Also, log size and moisture content could affect the overall cost impact of the base case 
scenario. As stated previously, pine trees will vary in moisture content between the heart 
wood and sap wood, and sapwood will take on more water in the ponds operation than heart 
wood, thus increasing overall moisture content of the log. Since large logs will have a 
greater proportion of heart wood, and since log moisture content has an inverse relationship 
with fines production at the stranding operation, the utilization of smaller MPB logs may 
reduce the amount of fines production for the operation. This would lessen the negative cost 
impact of the test case scenario. It is important to note, however, that decrease in average log 
diameter will likely lead to increases in breakage leading up to the stranding operation, 
potentially offsetting gains made through increases in moisture content. Lastly, it was 
assumed in the test case scenario that the heating system within the mill would have enough 
capacity to burn the increased amount of waste wood generated from the log yard an infeed 
operations when MPB fibre was used. If the heating system were not able to burn all of this 
fibre, the subject mill could realize extra costs associated with disposal of the wood waste. 
This would work to increase the overall cost of production of the test case. 
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5.2.4 Fire Risk Associated with using MPB Fibre 
While not included in the analysis carried out in this study, industry experts 
interviewed during the data collection phase noted an increased risk of fire when conifer 
wood is used in the OSB manufacturing process. One industry representative noted an 
experience using green conifer wood in OSB manufacturing where resinous build-up in the 
flake dryer machines would have to be cleaned out regularly to keep it from catching fire. 
This increased maintenance cost was not included in this study, as it is unclear if dry MPB 
fibre would produce this resinous build-up in the dryers. Regardless of this, however, the 
volume of fine wood material expected to be produced using MPB in OSB is expected to 
increase the risk of operational fires. Fire frequency data was not available for test case in 
this study, but increased losses due to fire or increased costs of fire prevention would 
increase the overall cost of production using MPB fibre. 
5.3 Production Capacity Implications 
The base case costing in this study was carried out using actual production and cost 
data from the participant operations realized during a specified sample period. During this 
period, the milling operation was not running at full capacity. This allowed the addition of 
operating hours to the mill operations preceding the dry bins in the test case to make up for 
losses in productivity due to excess fines generation at the stranding operation. However, if 
the base case in the analysis were built on conditions where the mill was running at full 
capacity, the addition of these extra hours would not be possible. In such a case, the impact 
of excess fines generation at the stranding operation is expected to be a decrease in the 
overall productive capacity of the mill by 9.36 percent (see Appendix V). This effect of 
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fines generation must be taken into consideration when evaluating the viability of MPB fibre 
as furnish for OSB production and potential options for improvement of fibre recovery. 
5.4 Options for Cost Reduction or Recovery 
Further in interpreting the results of this study, it is important to recognize that the 
average trucking distances of each fibre type was kept constant between the base and test 
cases. While this was done to keep the analysis as close to actual operating conditions as 
possible, a reduction in the average log haul distance for pine over deciduous fibre would 
work to lessen the overall cost of the MPB test scenario. As such, resource managers at the 
subject woodlands may use the results of this study to identify proportions of the existing 
MPB forest resource that would be economical for harvest and delivery to the OSB facility. 
In addition, it is also useful to recognize the impact of stumpage cost in assessing the overall 
cost impact of MPB fibre on the manufacturing process. While the stumpage costs for pine 
and aspen fibre included in the analysis were actual costs incurred by the operations, a 
reduction in pine stumpage cost would greatly increase the viability of MPB fibre as furnish 
for the subject mill. Since stumpage costs are determined using a great number of 
operational and economic variables, a reduction in pine stumpage will likely require a 
collaborative effort involving industry representatives and provincial policy makers. 
Also in effort to reduce the overall cost of using MPB fibre, the subject mill could 
investigate several alternate uses for the excess fines produced at the stranding operation. 
Currently, the subject mill burns the fines material in the onsite heating system. While some 
proportion of the fine material must be used for process and ambient heat, excess fines could 
be sold to secondary resource users such as pellet plants, pulp mills, or cogeneration plants. 
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This may, however, require process adjustments in the subject mill to effectively separate or 
segregate aspen and pine fines material. 
Another potential option in reducing the cost impact of MPB fines material may be to 
actually add the material back into the manufacturing process after it is separated from larger 
flakes. According to an industry expert, it is possible to use a greater proportion of fine 
wood material in the core of OSB boards if alternate resination techniques are employed for 
the fine material. Implementation of this option at the subject mill would require capital 
investment, as a separate resination process would have to be set up for the excess fines. 
A further option for cost reduction is investment in increased ponds capacity at the 
subject mill. Significant improvement in fibre recovery from the stranding operation is made 
possible by soaking MPB logs for extended periods (Feng and Knudson, 2007). In addition, 
increasing the temperature of the MPB log bolts will also yield improvements (FII, 2006). 
While the equipment suitable for a large plant is not available at this time, researchers have 
shown large reductions the amount of fine material produced when post-soaking MPB and 
aspen logs are heated with a radio-frequency unit to 40 degrees Celsius. Without capital 
investment, the subject mill could improve MPB and aspen large strand recovery by 
maximizing the temperature of the water at the ponds operation (Lam et al., 2008). 
Chapter 6 
Conclusion 
The efficient utilization of the fibre resource made available by the current mountain 
pine beetle outbreak in western Canada presents unique and specific challenges to the OSB 
industry. While a large volume of timber killed by MPB is available for harvest, cost 
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effective utilization of the resource will depend on industry's ability to overcome these 
challenges. This study has shown that for the subject operations, characteristics of MPB 
fibre will cause significant increases in operational costs in the manufacture of OSB over 
those realized when a pure deciduous fibre supply is used. However, since this study was 
carried out using resource use adjustments for the impacts of MPB fibre taken from current 
research, actual costs realized by the subject mill are likely to vary from the test case 
described in this study if the participant firm were to begin production using a mixture of 
MPB and deciduous fibre. The actual costs realized will depend on the interaction between 
characteristics of the local MPB fibre resource, such as log size and moisture content, and 
mill operating characteristics such as stranding speed and strander knife angles. Also, due to 
differences in operational and cost factors such as plant capacity or fibre cost, other OSB 
producers may find that the introduction of MPB fibre leads to a slightly different cost 
impact than that described in this study. These operations, however, will likely face the same 
operational challenges and cost pressures as the subject mill in utilizing the MPB fibre 
resource. 
To eliminate the cost gap the cost gap identified in this study, and thus take advantage 
of the opportunity presented by the mountain pine beetle outbreak, OSB manufacturers and 
the research community must continue to work together in finding cost effective solutions to 
the specific operational challenges encountered in utilizing of the MPB fibre resource. 
Future research should include the development of log heating equipment suitable for 
a large scale OSB production facility. This would work to decrease the amount of fines 
material produced at the stranding operation. Also, for the subject mill, research into the 
amounts and specific characteristics of reject logs and stranding fines being currently 
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produced and the expected amounts if MPB fibre were used in their specific manufacturing 
process could be useful. These studies would work to refine the estimated cost impact of the 
MPB fibre introduction reported in this study, as well as potentially providing opportunity for 
identification of improvement initiatives for current operating efficiency. 
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APPENDIXB 
Operational costs from the following company activities were included in this study: 
Woodlands 
• Bunching 
• Skidding 
• Processing 
• Loading 
• Trucking 
• Road Building 
• Road Maintenance 
• Stumpage 
• Silviculture 
• Incentives paid to log suppliers 
• Purchased wood costs 
Mill 
• Log Yard 
• Ponds 
• Debarking 
• Stranding 
• Drying 
• Screens 
• Dry bins I Blending 
• Forming 
• Press 
• Finishing 
• Heating System Costs 
• Fire Protection 
• Pollution Control 
Excluded 
• Administration 
• Quality control 
• Stores 
• Electrical shop 
• Mobile shop 
• Millwright shop 
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